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COMPUTER PROGRAM FOR DETERMINING EFFECTS OF CHEMICAL
KINETICS ON EXHAUST-NOZZLE PERFORMANCE
by Leo C. Franciscus and Jeanne A. Healy

Lewis Research Center

SUMMARY

A computer program is described that can be used to compute nozzle performance,
including chemical kinetic losses in the nozzle for rockets and subsonic or supersonic
combustion ramjets. The kinetic analysis is designed for any chemical system in which
the change in molecular weight is due to the three-body recombination reactions only and
one in which the energy exchange through the bimolecular reactions is small in compari-
son with that of the other reactions. The analysis makes use of Bray's sudden freezing
criterion to determine a freezing point in the nozzle. The engine performance is then
determined by assuming that the composition of the exhaust gas remains unchanged or
frozen from the freezing point to the nozzle exit. The program can also be used for equi-
librium and frozen or specified freezing point calculations for any rocket propellant sys-
tem or ramjet fuel.

INTRODUCTION

The performance of hypersonic ramjets and rockets can be strongly dependent on the
chemical kinetic processes of the exhaust gases. These engines usually have combustion
temperatures high enough to cause a high degree of dissociation of the products of com-
bustion. If the recombination process is fast enough to keep up with the expansion
through the exhaust nozzle, the energy of dissociation is converted to useful thrust. If
the recombination process is not fast enough, some of the dissociation energy is lost with
a consequent penalty in thrust and specific impulse.

For example, figure 1 shows that, if the exhaust gases of a hydrogen fluorine rocket
engine are assumed completely frozen, the loss can range from 13 percent of the equilib-
rium specific impulse at an oxidant-fuel ratio of 7 to 21 percent at an oxidant-fuel ratio
of 19. Consequently, it is important to be able to estimate the extent of these losses. A



number of computer programs have been developed for exact solutions of nozzle chemical
kinetics with multiple chemical reactions (refs. 1 to 6). However, these programs re-
quire extensive machine time and can become somewhat cumbersome when many solutions
are required. A short, simple method requiring only a fraction of the computing time in-
curred by the exact methods would be valuable when many solutions are required, such as
in parametric studies or preliminary design work. This report describes a computer
program for the IBM 7094 computer for an approximate solution of nozzle chemical ki-
netics that can be used for a variety of propellant combinations. In this program,' non-
equilibrium effects on nozzle performance are determined by making use of Bray's cri-
terion (ref. 7). With this approach, the gases at the nozzle entrance are assumed to be
in chemical equilibrium; that is, the composition is that corresponding to a complete or
steady-state adjustment to local temperature and pressures at each point in the exhaust
nozzle. At some later point in the nozzle (as located by using Bray's criterion), the flow
is assumed to ''freeze'’; that is, the composition no longer varies throughout the remain-
der of the nozzle expansion. A complete description of this analysis applied to the
hydrogen-air system, comparisons with experimental data, and resulis from exact solu-
tions are given in references 8 and 9. Comparisons of results using a Bray analysis with
exact solutions for the systems hydrogen-oxygen and nitrogen tetroxide with a mixture of
50 percent hydrazine and 50 percent UDMH (unsymmetrical dimethyl hydrazine) are pre-
sented in reference 10. In all cases the Bray approach was found to yield reasonably ac-
curate results. Some additional data to confirm the validity of the Bray approach are
presented in this report.

The FORTRAN IV program is available to computing centers if a request is made to
the authors. The program is for use on the IBM 7094 model 2 computer. With modifica-
tions this program can be used on all machines that have a FORTRAN compiler.

SYMBOLS

. 2
A cross-sectional area, m

a,b,c,d,e constants in equations defining nozzle contour

C recombination rate constants, (°K) (cm6) / (molez) (sec)
CD overall combustion-chamber drag coefficient

CF thrust coefficient |

CV nozzle-velocity coefficient

s specific heat at constant pressure, cal/(g)(°K)

c* characteristic velocity, m/sec
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dissociation rate, mole/(cc)(sec)
net stream thrust, N

fuel-air ratio

gravitational constant, m/sec2
static enthalpy, cal/g
specific impulse, sec

net fuel specific impulse, sec
vacuum specific impulse, sec
exponents in equations defining nozzle contour

mechanical equivalent of heat, 4186 joules/(kg)(cal)

constant in eq. (A5)

forward reaction rate for reaction r, cm6 / (molez)(sec)

reverse reaction rate for reaction r, cm3/ (mole)(sec)

Mach number

average gram molecular weight, g/mole

mass flow rate, kg/sec

number of moles per unit mass of mixture, mole/g

number of species in rth reaction equation

number of moles

static pressure, atm (N/mz)

net rate of molar change, mole/(cc)(sec)

dynamic pressure, pV2/2, kg/cm2

recombination rate, mole/(cc)(sec)

universal gas constant, 1.98726 cal/(mole)(°K), (joules/(mole)(°K))
reaction i

static temperature, %k

time, sec

velocity, m/sec

stoichiometric coefficient, left side of reaction equation
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stoichiometric coefficient, right side of reaction equation
weight flow rate, kg/sec

mole fraction

length or longitudinal coordinate, m

normal coordinate, m

fuel injection angle, deg

ratio of specific heats

mass density, g/cc

‘SbiQ%NNﬁqq

equivalence ratio, (f/a)/(f/a) stoichiometric

Subscripts:

a air

c combustion chamber

e nozzle exit

f fuel

i species

j species in rth reaction equation

j" species on left side of rth reaction equation
in species on right side of rth reaction equation

K,L radicals in rth recombination equation

k molar species

M molecular species in rth recombination equation
m number of molecular species

nozzle

=]

static pressure
static entropy
static temperature
free stream

ramjet inlet entrance

L N — ML >

combustion-chamber entrance



3 combustion~-chamber exit
Superscript:

* nozzle minimum cross-sectional area

METHOD OF ANALYSIS

Bray's criterion is applied in this analysis by determining in the nozzle a sudden
freezing point that is characterized by the net rate of change in the number of moles be-
coming approximately equal to the recombination rate. The present application of the
Bray criterion to any chemical system with multiple chemical reactions requires that the
bimolecular reaction rates be much faster than the recombination reaction rates and that
the energy exchange of the bimolecular reactions be small in comparison with that of the
recombination reactions; that is, the overall reaction rate is assumed to be limited by
the three-body recombination reactions through which the major part of the dissociation
energy is recovered. After the freezing point is determined, any energy change result-
ing from the bimolecular reactions is neglected. There also must be a detectable molec-
ular weight variation with temperature and pressure, and this variation must result from
the recombination reactions only. For example, consider the hydrogen-air system, the
reactions of which are presented in table I. The bimolecular reactions for this system
((1) to (6)) are much faster than the recombination reactions ((7) to (12)). A partial equi-
librium concept (ref. 11) can be adopted in which the bimolecular reaction rates are as-
sumed equal to their equilibrium values. The bimolecular reactions then form a suffi-
cient quantity of radicals for the recombination reactions. The bimolecular reactions
produce no change in the number of moles and result in only small energy changes. In
general, then, the change in the total number of moles for a system of this type may be
determined by considering the recombination reactions only. The change in the number
of moles n is the sum of the change in the number of moles of species k in the recom-

dn
dt dt

bination reactions. That is,



TABLE I. - HYDROGEN-AIR SYSTEM REACTIONS

- | : T

Hydrogen-oxygen bimolecular Recombination reactions Nitric oxide shuffle
reactions reactions
Ky Kq ; K3 ,
1. H2+OHI<(__’H20+H 1. H+H+ME“‘_>_H2+M 13. N2+OE":_*NO+N’
-1 -7 : -13 :
Kg K4 5
2. H+0, ==OH+O 8. O+0+ M0, +M |14. O, + NZT—=NO + O |
2 2 2 |
K K K !
=2 -8 ) -14 i
K3 Kg
3. 0+H2-<—_"OH+H 9, O+H+MZOH+M
K K
-3 -9 !
Ky K10 :
4. OH+OH:"'_’H2+O2 10. OH+H+M<__’H20+M.
K4 K10 i :
K5 K11 I '
5. OH+OH:‘:H20+O 11. N+N+M;T‘_’N2+M
K5 K11 ! :
I !
K6 K12 ! !
6. O+H,0=>=H,+0, |[12. O+N+M=—=NO+M |
2 K 2 2 K b
-6 -12

Converting to moles per unit mass of mixture results in

d(—l‘? = an
d_g = m = __E (2)
dt dt

dt
k=1

The rate of formation of species i, in the moles per unit mass, is given by

r=m
err j=j" X, ern

=
pX.
e () e, T (2 ®
p =1 \# =1 \H# )

r=1

4
at

| =

Il

N

Substituting the recombination reaction equations into equations (2) and (3) results in the
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general net rate equation

dIn # S p 2
P P -
£ (5) 2 e () X “

Equation (4) is in the form Q=R - D, where Q is the net rate of molar change and R
and D are the recombination and dissociation rates, respectively.

When the reactions proceed at rates fast enough to keep the overall reaction close to
equilibrium, R and D are approximately equal and they are much greater than Q. Sim-
ilarly, a near frozen condition exists when R is much smaller than Q. According to
the Bray criterion, the transition from the near equilibrium to the near frozen condition
is very rapid, and the location of the transition may be signified where R and D be-
come of the same order of magnitude as Q. In the present method, R is evaluated from
known reaction rates by using mole fractions and assuming the gases to be in chemical
equilibrium. The value of Q is determined from equilibrium values of density, molec-
ular weight, and the change in molecular weight with respect to time. The freezing point
is assumed to be located where Q = R. Therefore, at the freezing point

3 r=m
p dn Ak _(p kX (5)

The reaction rates kr of equation (5) are converted to rate constants by assuming a tem-
perature dependence of T °; that is, C = krT' The recombination rate constants for
the hydrogen-air reactions are presented in table II.

TABLE 1I. - HYDROGEN-AIR REACTIONS

RECOMBINATION-RATE CONSTANTS

Constant, Reference

(K (em®)/ (mote?)(sec)
: ,
C; = 3><101818 16
Cg = 4. 8><1018 17
C9=4.8X10 19 8 and 9
Ci0= 7. 5><101,7 8 and 9
Ci1 =5 4><1018 17
Cip= 1.8x10 18
R 1




When p/M is converted to P/RT, the right side of equation (5) becomes

P3 r=m
R=\—%2 Z s ©)
R"T r=1

The left side of equation (5) is put in the form

Q=<&) dln/__:(ﬂf_)(dln./)
A dt M dx

and converted to parameters determined by the program. Therefore,

- - - a -~ -
[ /P
dA 9 In[--C i
PnV :‘\_t Pn o 1ln.# olnT 2 1ln .4
Q= dx ) olnT P ) olnP ? (7)
n n
RT{‘— 5 In[2 Pl5mn[_¢ n/mp
A P
5 t tJS L L n-JS D,

The freezing point is then determined by the simultaneous solution of equations (6) and (7).
Equations (6) and (7) are solved first at the minimum area of the nozzle, which is the

sonic point for rockets and subsonic combustion ramjets or the nozzle entrance for super-

sonic combustion ramjets (scramjets). However, because equation (7) is discontinuous

at the sonic point, this solution is actually made slightly upstream of the sonic point. If

the net rate Q is greater than the recombination rate R, the freezing point is located

in the subsonic nozzle for rockets and ramjets, and the nozzle is completely frozen for

scramjets. If Q is less than R, the freezing point is downstream of the minimum area.

After the region in which freezing occurs is determined, the exact location is found by

the following iteration. The freezing point is searched for in terms of the static-

pressure ratio P c/ Pn at that point in the nozzle. To start the iteration, two trial

values are assumed. The corresponding values of Q/R are calculated from equa-

tions (6) and (7). An estimate of the correct Pc/ P is then found by

nfy) )4
R/. R/.

d In[—C In[—C ] - In[-C

P P P
Yo Ny n/i-1
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P P R i

— = antilog {In _C\ -

Py itl Py i d In(Q/R)
L d ln(Pc/ P) )

and the value of (Q/R)i+1 is determined from equations (6) and (7). The procedure is re-
peated until l(Q/R)i +1° 1. 0| = tolerance. When this occurs, the freezing point has been
determined and the rest of the nozzle calculations are computed for frozen gas composi-

tion. A graphical solution for a typical freezing point calculation is presented in figure 2.

(9)

Y

COMPUTER PROGRAM

General Description

The chemical equilibrium and rocket performance program of reference 12 was
used to write the computer program of this report. The subroutine titles and nomencla-
ture of the parts of that program that are used were retained. The present program is
designed for use on the IBM 7094 model 2 computer with a 32K core. The compiler is a
version 5 FORTRAN 1V compiler of the IBSYS version XIII operating system. With mod-
ifications the program can be used on all machines that have a FORTRAN compiler. The
entire program is written in FORTRAN IV except subroutine ""SHIFT'' and ""BCREAD, '’
which are written in basic machine language (MAP). The FORTRAN 1V listing of the pro-
gram is shown in appendix C.

The program computes nozzle performance for rockets and subsonic or supersonic
combustion ramjets. For both engines, the combustion process is calculated first. For
rocket engines, the combustion is assumed to take place at constant pressure. The
combustion-chamber pressure, the oxidant-fuel ratio, and either the combustion temper-
ature or the enthalpies of the reactants entering the combustion chamber must be speci-
fied. For ramjet engines, the combustion process may be calculated for either a
combustor-exit to inlet-static-pressure ratio or an area ratio. The properties of the air
and fuel entering the combustor must be specified. The properties of the entering air
that must be specified are the following:

(1) Static pressure

(2) Static temperature

(3) Static enthalpy

(4) Velocity

(5) Molecular weight

(6) Ratio of specific heats



The fuel is assumed to be a gas when it enters the combustor. The fuel properties are
the following:

(1) Static temperature

(2) Molecular weight

(3) Velocity

(4) Static enthalpy

(5) Fuel-air ratio

(6) Fuel injection angle
The ramjet combustor-exit conditions are then calculated using the iteration solutions
described in appendix A.

The thermodynamic properties of the gas in the combustor and nozzle are determined
by the method described in reference 12, For both engines, the nozzle performance is
calculated for a specified ratio of combustor-exit to nozzle static pressure and includes
the following performance parameters for ideal one-dimensional flow:

Exit velocity:

Vo= ‘/ZgJ(hc -h) + Vi (Vc = 0 for rockets) (10)
Mach number:

M_= e (11)

For rocket engines:

Vacuum specific impulse:

V T
Ivac =_€ + € (12)
g /eVe
Characteristic velocity:
c* = ggrpc< T > (13)
P4V i

10



Vacuum thrust coefficient:

el
Cp= _vac (14)
C*
For ramjets:
Fuel specific impulse:
141 1- EQ
F i P V,
L= net_  a CV__eJr ° T, .0 (15)
W i g CyhVe Ig
a a
Thrust coefficient:
21 A
Cp = net , 0% (16)
VO A1 a

For the calculation of the preceding ramjet parameters, the following must also be
specified:

(1) Free-stream velocity

(2) Free-stream static pressure

(3) Ratio of engine inlet to capture area

(4) Ratio of engine free-stream dynamic pressure to vehicle dynamic pressure

(1. 0 if engine is not in a vehicle pressure field)

Both rocket and ramjet nozzle calculations may be carried out using the following
types of analysis for the nozzle expansion:

(1) Equilibrium

(2) Frozen

(3) Specified freezing point

(4) Approximate kinetic
The equilibrium, frozen, and specified freezing point type of nozzle calculations may be
made for any rocket propellant combination or ramjet fuel. The kinetic calculations may
be made for any rocket propellant combination or ramjet fuel that is subject to the con-
ditions discussed in METHOD OF ANALYSIS.

11



The input is programmed for a fixed format, as shown in table IIl, which gives the
Table IV shows the arrangement of the input for the various calculation

program input.
options.

12

Description of Input

TABLE II. - PROGRAM INPUT

Card Format Parameters

1 |12A6 Identification

2 | 3(¥10.5) Enthalpy, cal/(g)(mole); temperature, °K; density, g/cc
2(A1) ! Fuel or oxidant, F or O; liquid, gas, or solid, L, G, or S
F8.5 Relative weight
4(A2, F8. 5) | Reactant formula, maximum of 5 per card

3 | BLANK CARD

4 (1113 KOK, JADDI, MNFR, IDEBUG, IPROB, ICONST, IRAM,

IZE1AR, IROU, ICON, IFREZ

35 |5F10.2 PCP schedule, maximum of 24

6 |4F10.2 SUB1, SUB2, SUB3, YT

7 |13 NZTYP

8 | 513 ITYP

9 |5F10.4 CON, maximum of 20

10 |5F10.4 EEXP, maximum of 20

11 |2I3 NMOL, NAK

12 |15,5X,2A6 | NUMBER, MOLECULE

13 [E10.5,315 | AK, NUMBER

14 |7F10.4 COSTH, CD, CDA, TFS, WMF, VT, DELH

15 | 5F10.4 P2, T2, AMOL2, V2, GAM2

16 | 5F10.4 PFIELD, VO, AOAC, QIQO, P3P2

17 |6F10.4 EQRAT, OF, FPCT, PC, TC, CV
18 BLANK CARD

A1 KOK = 1, set the first two PCP's equal to 1.0,

bCard 17 may be repeated for multiple cases of OF ratios. Card 18 indicates

another problem follows.
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TABLE IV. - ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM

G PROJECT NUMBER ANALYST
SHEET oF
S 18| FORTRAN STATEMENT eNTFICATION :
123 45 ;? 7 8 910 W 1213 1415 16 17 IB; 19 20 21 22 23 24 25 26 27 28 29 300 31 32 33 34 35 36157 383940 4l 42 43 44 45 66 47 L8149 50 5t 52 53 54 55 56 57 58 59 60{6I 62 6364 65 66?67 68 69 7,b 7M7T2 73767576177 7879 30‘
rdl, Title (32A6) —
| . — g
| Card2 ., Propeljant bt —— 2:54 k- (3.10"5’: 2¥L Fe. 5:’ fl(Z}A,i F?'S)) ——t et bt ——+
ENTH Jemp Dengity ?L? Wt Mol Numper ‘Mlol Number LVM} ~Number Mol Number l
+—+ —_ .‘.—r. — —t— +
— 4 ; — —— ——
_Card 3 —
' Blank card
e — —— - — it e
. Cardd, ey, Codes . (2013) X R .
KOK JADDI| MNFR IDEBUGIPROBICONST IRAM IZEIAR IROU ICONi IFREZ - . B
| ] L L .
Card 5 r Pressure rati() schedule {JADDT tells how many coming in) ] b (5F10.0)
. i —+
i | -
. - . R . I I A ,
123 % 506178 90N 12’13 W 15 16 17 1819 20 21 22 23 2425 26 27 28 29 30131 32 33 34 35 36|37 38 39 40 41 42]63 44 45 46 47 4BJ49 50 5i 52 53 54[S5 56 57 58 59 60{61 62 6364 65 66|67 68 69 70 71 7273 T4 15 76 17 7879 80

NASA=-C-836 (REV. 9-14-59)

CD-6729
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TABLE IV. - Continued. ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM

il

TITLE PROJECT NUMBER ANALYST
SHEET oF __ .
-
STrernggT 3 FORTRAN STATEMENT IDENTIFICATION
123 & 51617 68 910 N 12113 14 15 16 17 18149 20 2V 22 23 24]25 26 27 28 29 30 31 32 33 34 35 36|37 38 39 40 &) 42]63 44 45 46 47 48]69 50 S| 52 53 54[55 56 57 58 59 60|61 62 63 64 65 66l67 68 69 70 71 72 7377576777879 EOI
: . — : " . - —— L : — - |
Card 6 If MNFR - -2 Read in the folang: (5F10.0 ‘
SuBll SUB 2 SUB 3 Y1 N ( e
- —+ | 4t
|
, ! : |
+—+——+—+ e e L L + —+—— +—+——+ +—t ——+ t —t—, + ~——+
}
Card 7, . O=bellnozzlg; L=plugnozzle . R R (¢ < R B .
raf, — Az pelinozzle L=plugnozale, |, o L —
NZTYP | i N o o |
T | L R t T 1 —+ t —}-
1
R I L= }f — A
S —— + —f— i
: .
Card 8, 'ITYP l1=5 | (2015} ',
—+ At i — } T + b ——+ gt —
—— P PO S S T S S S S U S S W S VA S VS S A — — |
—t- I —t l‘ b ——t —+ ——+ e !* +—t+—+ k —+—t—t F—t—t—t— }
. |
+— + +—— + + + —+ +—+ t —+—+
_Card 9 ICON = 1, Icoﬂq | | (5F10.5) ! K
IC e . ‘ Y .
| r | | ‘ |
‘ | |
! | <
— e . I | [ - —_—
; \ \ | :
" —_ N |
— : N SN
| ! | i i
EEXP = L 6 !
_&@tm_}fkﬁ I-1, ICON | o % {5F10.5) i .
. .
H 1
A Il Il 2 — e b 1
| l
———] I | . i
‘ - .
| Y [ AL s o N
| ‘ ; ‘ ‘
;
‘ P IR i Lo . —
12 3 4 51617 8 910 11213 61516 17 1819 20 2} 22 23 26 25 26 27 2B 29 3003 32 33 34 35 56!37 383940 41 L2 43 44 45 46 47 balbg 50 5) 52 53 51;‘55 56 57 58 59 60 61 62 6364 65 66 67 68 69 70 71 72|73 76 7576 77 1879 80,
l )

NASA-C~836 [REV. 9-i4—59)

CD-8729



TABLE IV. - Continued. ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM

e PROJECT NUMBER ANALYST
SHEET. OF ____
STA =
NUMoER B FORTRAN STATEMENT IDENTIFICATION

v

;I 23 45 16 7.8 910 1l 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36|37 38 39 40 4] £2 43 44 45 46 L7 58 49 50 51 52 53 54 55 56 57 58 59 60‘6! 62 6364 65 66.67 68 69 70 7172 7376 757677 7879 80

Card 11 B - ' o

NMOL  NAK ) , . (2013) ' e

] _ —

Capd 12, et ; et ; ; e ——— —t bbb i

wneee | PR
N {15, 5%, 2A6) .

X X
\4‘r PR — ey et 4 '
/ + — . b+

N e

/ + i + + ———t+—+ — ———+ + —t——+—+ ——+—+—+ +——+—t—t +—t—t——+ L —
Card 13, e, . AKpumbers (E10.5, 3I5)
!
+ +
1236 50617 8 910 U 12013 14 15 16 17 18[19 20 21 22 23 2425 26 27 28 29 3031 32 33 34 35 36(37 38 39 40 4} 42[43 44 45 46 L7 48/49 50 51 52 53 54]55 56 57 58 59 60|61 62 63 64 65 66|67 68 69 70 71 72|73 76 75 76 77 7879 80
CD-6729

NASA-C-836 (REV. 9-14~59}

-
(3]
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TABLE IV. - Concluded. ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM

PROJECT NUMBER ANALYST
SHEET OF
e 12 FORTRAN STATEMENT IDENTIFICATION
12 3 4 5|6]7 8 910 I 1213 14 15 16 17 18|19 20 2) 22 23 24|25 26 27 28 29 30| 31 32 33 34 35 36|37 38 39 40 41 42|63 L4 45 46 47 4849 50 51 52 53 S4[55 56 57 58 59 60| 6] 62 6364 65 66|67 68 69 70 71 72|73 74 7576 77 718 19 80
Card 14 If IRAM= 1 — 1{7F10.5)
_ CQSMH, ch . CDA ) TFS 1 CWME | | , VT DELH
| |
(I,‘ar;d15: ———+———— + ::::.= ——————t—t———+ —t—p—t—t
PRl 12 AMOL2 V2 .. L GAM2 _ (5F10.5) e
! \ i
| | | e
—_t -1
Gard)6, Y N .. B
PFIELD Vo _ ADAC Q190 ] p3p2 1;;: N
éard 17 | (PO
EQRAT OF FPCT PC TC ! Cv
o
N ]
J TEREI—— S S S U S S O IS SR S S —
| .
+ T
i
Card 18 - e
Blapk card o L )
: 12 3 45 6 78 910 10 1213141516 17 IBEI9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4l 42 43 L4 45 46 47 4849 50 St 52 53 54'55 56 57 58 59 60 61 62 6364 65 66 67 68 69 70 N2 1374 7157677 78719 !0‘

NASA-C-836 (REV. 9-14=59)

Cp-6729



The definitions of the input parameters are as follows:

Common to rockets and ramjets:

cv
lEQrAT
lpper
IDEBUG

IFREZ

IPROB

IRAM
JADDI
KOK

MNFR

OF
PC

PCP

TC

nozzle-velocity coefficient
equivalence ratio
percent fuel

allows intermediate output for debugging (IDEBUG=1, intermediate
output; IDEBUG=0, no intermediate output)

sequential number of the freezing pressure ratio if specified freezing
point is to be calculated (IFREZ=0 if specified freezing point cal-
culation is not to be made)

type of combustion calculation (IPROB=1, specified enthalpy and
pressure; IPROB=2, specified temperature and pressure)

type of engine (IRAM=0, rocket; IRAM=1, ramjet)

number of input pressure ratios

indicates subsonic or supersonic combustion (KOK=0, rocket or sub-
sonic combustion ramjet; KOK=1, supersonic combustion ramjet)

indicates type of nozzle expansion (MNFR=0, equilibrium; MNFR=1,
frozen; MNFR~=-2, approximate kinetic; MNFR=-1, specified
freezing point)

ratio of oxidant to fuel weight

combustion-chamber pressure, atm (set equal to combustor en-
trance static pressure for ramjet calculations)

ratio of chamber pressure to nozzle static pressure for rockets (for
ramjet calculations, ratio of combustor-exit static pressure to
nozzle static pressure)

combustion temperature, %k (not necessary for an assigned enthalpy
calculation; for ramjet calculations, set equal to combustor-
entrance static temperature)

Applicable to ramjets only:

AMOL.2
AOAC

molecular weight of air entering ramjet combustor

capture area ratio

10one of the parameters EQRAT, FPCT, and OF is input. The other two are set

equal to zero.

17




CD

CDA
COSTH

DELH
GAM2
ICONST

PFIELD
P2
P3P2
Q1QO0

TFS
T2
VT
VO
V2
WMF

combustor drag coefficient to account for friction or momentum
losses due to hardware obstructions, etc; CD = D/ (1/2p3V§>

additive drag coefficient; CDA = (1 - A /Al)(P1 /PO - )P, /qo

cosine of fuel injection angle (COSTH=1.0, downstream injection;
COSTH=0. 0, normal injection)

static enthalpy of fuel, cal/g
ratio of specific heats a of air entering combustor

type of combustion calculation (ICONST=0, specified pressure ratio;
ICONST=1, specified area ratio)

external pressure of ramjet nozzle, atm
static pressure of air entering combustor, atm
combustor area ratio or pressure ratio

ratio of dynamic pressure of air entering ramjet inlet to free-stream
dynamic pressure

fuel static temperature, °K

static temperature of air entering combustor, 4
velocity of fuel entering combustor, m/sec
velocity of air entering ramjet inlet, m/sec
velocity of air entering ramjet combustor, m/sec

fuel molecular weight, g/mole

Applicable to kinetic calculations:

AK
CON
EEXP
ICON

IROU

ITYP

18

reaction rate constant
constant for nozzle-contour equation
exponent in nozzle-contour equation

number of constants and exponents defining dx/dy of nozzle
(ICON=0 if a kinetic calculation is not to be made)

indicates axisymmetric or two-dimensional nozzle (IROU=1, axisym-
metric; IROU=0, two-dimensional)

type of equation defining nozzle contour (ITYP=1, polynomial;
ITYP=2, circle; equations defining each section of nozzle contour
must be indicated as ITYP 1 or 2)




MOLECULE name of each species

NAK number of reaction rate constants

NMOL number of species considered for kinetic calculation
NUMBER identification number for each species

NZTYP NZTYP=0 indicates conical or bell nozzle contour

SUBI1, SUB2, SUB3 nozzle-area ratios separating five sections where each equation de-
fining dx/dy of contour is applicable

YT nozzle-throat radius or half-height for rockets and subsonic com-
bustion ramjets, or nozzle-entrance radius or half-height for
supersonic combustion ramjets, cm

A set of thermodynamic and atom tables described in reference 12 is placed immediately
after the program as permanent input. The input cards in table III are then placed after
these. Cards 1to 5 are always used. There may be any number of reactant cards
(card 2) but no more than 15 elements. For ramjets, one of these reactant cards must
be for air. Each reactant card contains the chemical formula, enthalpy, temperature,
and relative weight. In addition, the letter F or O in column 31 indicates whether the re-
actant is a fuel or an oxidant. The letter L, G, or S in column 32 indicates a liquid, a
gas, or a solid. The relative weight is the percent of the total fuel or oxidant for the re-
actant that appears on that particular card. The sum of the relative weights of a fuel or
an oxidant must be 100. For equilibrium, frozen, or specified freezing point nozzle ex-
pansion, cards 17 and 18 are used for rockets and cards 14 to 18 are used for ramjets.
For kinetic calculations, cards 6 to 13 are placed after card 5. Appendix B explains both
the contour equation limits, SUB1, SUB2, and SUB3 (card 6), and the nozzle-contour
equation constants and exponents, CON and EEXP (cards 9 and 10). Table V gives four
sample input arrangements for hydrogen fluorine rocket-engine performance calculations
for equilibrium, frozen, specified freezing point, and kinetic nozzle expansions. The
combustion calculations are for an assigned enthalpy and pressure. Table VI gives sam-
ple input arrangements for a hydrogen-fueled, subsonic-combustion ramjet and a
supersonic-combustion ramjet.

Table VII presents sample output for the rocket engine used for the sample input.
The format for the equilibrium and frozen nozzle expansions is identical to that described
in reference 12. The specified freezing point and kinetic nozzle expansion have the equi-
librium points up to the freezing point printed out on the first page. The second page
then contains the frozen expansion for the points from the freezing point to the last pres-
sure ratio in the schedule. For rockets and subsonic-combustion ramjets, the throat
parameters are printed out on the first page if the freezing point is downstream of the
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TABLE V. - SAMPLE INPUT ARRANGEMENTS FOR HYDROGEN FLUORINE

HYDROGEN
-1893.67
-3030.89

010 O
1.0
40.00

HYDROGEN
-1893.67
-3030.89

0 10 1
1.0
40.00

HYDROGEN
-1893.67
-3030.89

010 -1
1.0
40.00

HYDROGEN-
-1893.67
-3030.89

0 10 -2
1.0
1000.0
l.54

1 2 2
-1.73
61.0
-1.0

1.0

1

2

T.5E 18
7.5E 18

ROCKET-ENGINE PERFORMANCE CALCULATIONS

FLUORINE

0o 1 0
1.75
100.00
13.0

FLUORINE

0o 1 o0
1.75
100.00
13.0

FLUORINE

o 1 0
1.75
100.00
13.0

FLOURINE

o 1 0
1.75
1500.0
le145

H1(G)

F1(G)
1
1

13.0

ROCKET PC=60 PSIA
FL100.00
0L100.00

0O 0 0o 0 0

5.00 10.00

200.00 400.00
4,083

ROCKET PC=60 PSIA
FL100.00
0L100.00

0 0 0 0 O

5.00 10.00

200.00 400.00
4,083

ROCKET PC=60 PSIA
FL100.00
0L100.00

O 0 0o 0 3
5.00 10.00
200.00 400.00
4,083
ROCKET PC=60 PSIA
FL100.0
0L100.0
0O 0 120 o
80.0 100.0
2000.0 250040
50.0 10.20
=517.50
3.73
1.0
4.083

EQUILIBRIUM EXPANSION
H 2.0

F 2.0

NOZZLE

15,00
600.00
1.0
FROZEN NOZZ{E EXPANSION
H 2.0
F

2.0

15.00
600.00
1.0
SPECIFIED FREEZING POINT
H 2.0
F 2.0

15.00
600.00

1.0
KINETIC NOZZLE EXPANSION
H 2.0
F 2.0

800.0
3000.0

~517.50
61.0



TABLE VI. - SAMPLE INPUT ARRANGEMENTS FOR RAMJETS

SUBSONIC COMBUSTION RAMJET FLIGHT MACH NUMBER 8

4942.90 FG100.00 H 2.0
12277.00 0G100.00 N 1.5618 0O +419 AR.0096
010 0 0 1 1+ 1 0 O O O
1.0 l1.75 5.00 10.00 15.00
40,00 100.0 200.0 400.0 600.00
1.0 <003 0.00 1000.00 2.016 1798.32 2471 e45
43.34 2582.04 28494 192.9384 1.2485
« 0164 2400.7998 1.0 1.0 1.0
1.0 43434 98
SUPERSONIC COMBUSTION RAMJET FLIGHT MACH NUMBER 8
4942.90 FG100.00 H 2.0
2840.00 0G100.00 N 1.5618 0O .419 AR.0096
1 o 0 1 1 1 0o O O o©
1.0 1.0 5.0 10.0 15.0
18.0
1.0 <003 0.00 1000.00 2.016 1798.32 2471445
+5304 682.55 28.962 2201.9971 1.3665
<0164 2400.7998 1.0 1.0 1.35
1.0 «5304 .98
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TABLE VII. - ROCKET ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION

WI FRACTION ENTHALPY  STATE TEHP JENSITY
CHEMICAL FORMULA {SEE NOTE) CAL /MOL JES K 3752
FUEL Ho2 1,00000 -1893.670 L -0. -0.
OXIDANT F 2 1.00000 -3030.890 L -0. -0.
0/F= 13.00000, PERCENT FUEL= 7.1429, EQUIVALENCE RATIO= 1.4499, DENSITY= 0.
PARAMETEKS
CHAMBER THRUAT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
pcsp 1.000 1.743 5.000 10.000 15.000 40.000 100,000 200.000 400.000 600.300
P, ATHM 4.083 2.342  0.Blo6  0.4083  0.2722 0.1021 0,0408 0.0204 0,0102 0.0068
Ts DEG K 4043 3826 3438 3196 3059 2739 2443 2204 1938 1771
Hy CALZG -141.2 -440.8 -95l.6 -1250.2 -1412.2 -1768.8 =2059.8 -2254.2 =-2426.1 -2515.7
Se CALZ(LIK] 3.7920  3.7926  3.7920  3.7920 3.7920  3.7920 3,7920 3.7920 3.7920  3.7920
M, MUL Wl 144359  14.635 15,139  15.458 15.639 16,051 16.379  16.563 16,667 16.592
LOLM/DLP) T U.U5858 0.05047 U.03755 0.03063 0.026B4 0.01764 0,00927 0.00413 0.00110 0.00036
t DLM/OLT 4P —0.9464 =-0.8416 —0.6600 =-0.5598 =-0,5043 =-0.3607 -0.2097 -0.1028 -0.0309 =-0.0111
LPe CALZLGIK)  2,7271 2.5083  2.1010  1.8743  1.7523  1.4387  1.0847 0.8047 0.5884 0.5171
GAMMA 141543  1.1536  1.1555 1.1577  1.1591 1.1651 1.1826  1.2154 1.2727  1.3072
MACH NUMBER Ge LeuL0 1.763 2.159 2.375 2.870 3.309 3.626 3,942 4,150
CSTAR, H/SEC 2393 2393 2393 2393 2393 2393 2393 2393 2393
CF 1.235 1.391 1.509 1.571 1.703 1.80% 1.867 1.920 1.946
AE/AT 1.000 1.515 2.358 3.126 6.427 12.94 21.99 36.95 49,63
IVAC, SEC 301.5 339.5 368.2 383.4 415.5 44042 455.6 46844 4747
I, SEC 161,5 265.6 310.6 332.6 376.3 40846 428.8 445.9 454.5
UERIVATIVES
(DLLI/DLPLIPC/P 0.01662 0.0l511 0.01417 0.01363 0.01227 0,01087 0.00960 0.00812 2.00721
(ULT/UCPCIPC/P  U.U4803 ©.04453 0.03784 0.03315 0,03011 0.02090 0.00772 -0.00756 -0.02631 -0.03484
{ULAR/DLPCIPC/P -0. ~0.00476 -0.00801 -0.01008 ~0.01639 -0,02571 -0.03698 -0.05125 -0,05771
(OLCS/GLPCIPCIP 0.01491 0.01491 0.01491 0,0149%L 0.01491 0.01491 0.01491 0.01491 0.01491
(UL L/UHC IPC/P* U.08944 0.09232 0.09446 0,09574 0.09906 0.10312 0.10761 0.11395 0.11831

CULT/DHCIPL/P*  0.09070 G.09861 0.11773 0.13196 0.14116 0.17192 0,22803 0.30739 0.42035 0.47834
(ULAR/DHCIPC /P% C. 0.01094 0.01922 0.0244% 0.04270 0.08056 0.13922 0.22722 0.27318
{OLCS/uHCIPC /P 0.09216 0.09216 0.09216 0.09216 0.09216 0.09216 0.09216 0.09216 0.09216
®{hC IN KCAL /G)

{oLl/upPcPls 0.86684 0.27844 0.18524 0.15290 0.10418 0,.07725 0.06258 0.05056 0.04441
(LLT/ULPiLP)S -0.,09878 -U.U9970 ~0.10371 =0.10699 -0,13909 -0.11709 -0.13531 -0.16444 -0.20889 -0.23280
{OLAR/OLPLP}S e 0.58693 0.67849 0,70981 0.754)11 0.76832 0.76018 0.73518 0.72055

MOLE FRACTIUNS

Fllo) 0.05430 0.03921 0.Gl781 0.00922 0.00595 0.00172 0.00038 0.00008 0.00001 0.00000
Hi(o) 0.22640 U.2U853 U.16957 0.13995 0.12153 0.07641 0.03849 0.01676 0.00440 0.30145
H2{G) Us07183 0.07625 0.09057 0.1U459 0,11416 0.13913 0.16103 0.17377 0.18105 0.18280
HiIFL{G) 0.64748 0.6760 0.72206 0.74623 0.75836 0.7827¢ 0.80D11 0.80940 0.81454 0.81575

ADDITIUNAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNZID CONDITIONS

£2(6)
INPUT, G-ATUMS/G
H F
FUEL C.9920635E LU 0.
UK IDANT 0.5263158E-01

['8
PRUPELLANT 0.T70B616BE-UL 0.4887218E-01

CASE NU. G 60.0 13.000
NuTE. WEIGHT FRACTIUN OF FUEL IN TOTAL FUELS AND OF OXIDANT I[N TOTAL OX IDANTS




TABLE VII. - Continued. ROCKET ENGINE PERFORMANCE FROZEN NOZZLE EXPANSION

WT FRACTION ENTHALPY STAYE TEMP JENSITY
CHEMICAL FORMULA (SEE NOTE) CAL /7MOL JES K 3720
FUEL H 2 1.00000 -1893,670 L -0. -0.
UXKIDANT F 2 1.00000 -3030.890 L ~0. -0.

O/F= 13.00000, PERCENT FUEL= 7.1429, EQUIVALENCE RATIO= 1.4499, JENSITY= 0,

PARAMETERS

CHAMBER THROAT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
PC/IP 1.000 l.4858 5.000 16.000 15.000 40.000 100.000 200.000 400.000 600.200
Ps ATM 4.083 2.197 0. 8l66 0.4083 0.2722 0.1021 0.0408 0.0204 0.0102 0.0068
Ty VEG K 4043 3458 2677 2226 1993 1515 1160 943 763 673
Hy CAL/G -1l4l1.2 -402.1 -880.4 -1114.9 =-1233.2 ~-1470.1 =-1638.8 =-1739.4 -1820.9 -186l.1

Se LAL/LGHIK Y 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920

My MUL W7 l4.359 14.359 14.359 1l4.359 142359 14.359 14.359 14,359 14,359 14,359
CPy LAL/LOLIL(K) V. 5530 0.5437 0.5265 0.5129 0.5046 0.4846 J.4673 0.4565 0.4507 0. 4490

GAMM A l.3338 1.3415 1.3565 1.3695 1.3779 143997 1.4207 1.4351 l.4431 1, 4455
MACH NUMBER 0. 1.00u 1.715 2.149 2.397 3.010 3.623 4.132 44696 5.053
CSTARy M/SEC 2270 2270 .. 22170 2270 2270 2270 2270 2270 2270
CF 1.260 1.370 1.456 1.500 1.585 1.643 1.677 1.704 1.717
AE/AT 1.000 1.373 1.989 2.523 44635 8.362 13.15 20.76 27.17
IVAC, SkC 291.7 317.2 337.1 347.2 366.9 380.3 388.1 394.3 397.3
Iy SEC 167.1 253.6 291.1 308.3 340.0 361.0 372.9 382.3 386.9

MOLE FRACTIUNS
FL(G) 0.05430 HL{G) 0.22640 H2(G) 0.07183 HL=1(3) 0.5%7%8

ADDITIUNAL PRODUCTS WHICH WERE CONSIDERED BUT WHUSE MOLE FRACTIONS 4ERE LESS THAN 0.000005 FOR ALL ASSI3NZD CONDITIONS

F2(G)
INPUT, G~ATOMS/G
H F
FUEL C.9920635E Q0 0.
UX IOANT Ce U.5263158E-01

PROPELLANT  0.70B6168E-01 0.4887218E-01

CASE NU. 0 60.0 13,000

NuTt. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL OXKIDANTS



TABLE VH. - Continuved. ROCKET ENGINE PERFORMANCE SPECIFIED FREEZING POINT

WT _FRACTION ENTHALPY STATE TEMP IENSITY
CHEMICAL FORMULA {SEE NOTE} CAL/MOL JE3 K 3752
FUEL H 2 1.00000 -1893.670 L -0 -0.
OXIOANT £ 2 1.00000 -3030.890 L -0. -0,
0/F= 13,00000, PERCENT FUEL= 7.1429, EQUIVALENCE RATIO= 1.4499, JENSITY= D.
PARAMETEKS
CHAMBER THROAT EXIT
PC/P 1.000 1.743 5.000
Pe ATH 4,083 20342 0.8166
Ty VEG K 4043 3826 3438
Hy CAL/G ~1l4l.2 -440,.8 -951.6

Ss CALZ(GIIK) 3.7920 3.7920 3.7920

My MOL W7 14,359 14.635 15,139
(DLM/0LP)T 0.05858 0.05047 0.03755
(OLH/ULT )P ~0.9464 =-0.8416 ~0.6600
CPy CALZIGIIK) 2.727T1 2.5083 2.1010
GAMHA 1.1543  1.1536 1.1555
MACH NUMBER 'R 1.000 1.763
CSTAR, M/SEC 2393 2393
CF 1.235 1,391
AE/AT 1.000 1.515
IVAC, SEC 301.5 339,5
1, SEC 161.5 265.6
OERIVATIVES

(OLE/DLPCIPC/P 0.01662 0.01511
(DLT/0LPCIPC/P  0.04803 0.04453 0.03784 .
(ULAR/DLPCIPCIP -0, -0, 00476
(OLCSZULPCIPC/P 0.01491 0. 01491
(OL1/DHC )PC/P* 0.08944 0. 09232
(ULT/OHCIPC/7P*  0.09070 0.09861 0.11773
(DLAR/DHC IPC /P* Ge 0.0109¢
{OLCS/DHCIPC /P* 0.09216 0.09216
S{HC IN KCAL/G)

(DLI/ULPCP)S 0.86684 0.27844
(DLT/DLPCP}S —0.09878 -0.09970 -0.10371
(DLAR/ULPCP ) S 0. 0. 58693

MOLE FRACTIONS

Fl14G) 0405430 0.03921 0.01781
HI(G) 022640 U.20853 0Ce16957
H2(G) 0.07183 0.07625 0.09057
H1FL(G) U 64748 0.67602 0.722006

ADDITIUNAL PRUDUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS AERE LESS THAN 0.000005 FOX ALL ASSI3NID ZONDITIOINS

Fat6)
INPUT, G-ATOMS/G
H F
FUEL C.9920635E 00 V.
UX 1DANT 0.5263158€-01

Ce
PRUPELLANT  0.7086168E-01 0.4887218E-01

CASE NU . 4 60.0 13.000
NuTt. WEIGHT FRACTION OF FUEL IN TOTAL FUELS ANU OF OKIOANT IN TOTAL OXIDANTS



TABLE VII. - Continued.

CHEMICAL FURMULA

U/F= 13.00000, PERCENT FUEL=

FUEL H 2
OXICANT F 2
PARAMETERS
EXIT EXLT EXIT E

PCsP %.000 10.000 15.000 40
Py ATM 0.8166 0.4083 0.2722 0.
Te DEG K 3438 2899 2619
Hy CAL/G —-951.6 -1239.3 -1386.0 -16
Sy CAL/(GHK) 3.71920 3.7920 3.7920 3.
My MOL WT 15.139 15.139 15,139 15
Py CAL/IGI(K) 0.5397 0.5277 0.5200 0.
LAMMA l.3214 1.3311 1.3377 1.
MALH NUMBER 1.649 2.082 2.327 2
CSTARs M/SEC 2393 2393 2393
CF 1.391 l.486 1535 1
AE/AT 1.515 2.195 2.794 5
IVAC, SkC 339.5 362.7 374.6 3
Iy SEC 265.6 309.1 329.1 3
MOLE FRALTIUNS

F1(6) 0.01781 H1(G)

AUDITIONAL PRUDUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE

F2(6)
INPUT, G-ATOMS/G
H F

FUEL L.9920635€ 0Q O.
OX LOANT Ce 0.5263158E-01
PRUPELLANT Ca7UB6168E-Ul 0.4887218E-0L
CASE NUO. 9 l2.0 13.000

NUTE.

XiT EXIT

<000 100.300
1021 0.0408
2035 1592
6443 ~1901.5
7920 3.7922
139 15.139
4997 0.4803
3563 1.3761
«919 3.499
2393 2393
<632 1.699
«198 9.519
98.1 4l4.6
6644 391.4

0.16957

ROCKET ENGINE PERFORMANCE SPECIFIED FREEZING POINT

WI FRACTION ENTHALPY  STATE TEMP JEINSITY
(SEE NOTE) CAL/MDL JE3 K 3752
1.00000 =-1893.670 L -0, -0.
1.00000 -3030.890 L -0. -0.

7.1429, EQUIVALENCE RATIO= 1.4499, JENSITY= O.

EXIT EXIT EXIT
200.000 400.000 600,000
0.0204 0.0102 0.0068
1313 1077 957
~2033.3 =2141.8 -2195.8
3.7920 3.7920 3.7920
154139 15.139 15.139
0+4663 0.4533 0.4468
1.3919 1.4077 l.4160
3.971 4,483 4.806
2393 2393 2393
1.739 1.770 1.786
15.15 24.18 31.79
424.2 432.0 435.8
405.8 417.2 4£22.8
H2(G) 0.09057 HL=1(3)

LESS THAN 0.000005 FOR ALL ASSEZNZD

WELGHT FRACTIUN OF FUEL LN TOTAL FUELS AND OF OXIDANT IN TOTAL OXIDANTS

0.72206

ZONDITIONS
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TABLE VIL. - Continued. ROCKET ENGINE PERFORMANCE KINETIC NOZZLE EXPANSION

WT FRACTEON ENTHALPY STATE TeMP JENSITY
JE5 K 3750

CHEMICAL FORMULA {SEE NOTE) CAL/MOL
FUEL H 2 1.00000 -1893.670 L -0. -0.
OXICANY F 2 1.00000 -3030,890 L -0. -0,

O/F= 13.00000s PERCENT FUEL= 7.1429, EQUIVALENCE RATIO= 1,4499, JENSITY= D,

PARAMETERS
CHAMB ER THROAT EXIT
pC/P 1.uu0 1.743 5,000
P, ATM 4,083 2.342  0.8l66
T, DEG K 4043 3826 3438
He CAL/G -141.2 =440.8 =-951.6
S0 CAL/ZLGHK] 3.7926  3.7920  3.7920
M, MCL WT 14,359 144635 15,139
(DLM/ULPIT 0.05858 0.05u047 0.03755
COLM/OLT P —0.9464 -U.B416 =0, 660U
CPy CALZELIIK)  2.7271 2.5083 2,1010
LAMMA 1.1543  1.1536  1,1555
MACH NUMBER 0. 1.000 1.763
C3TAK, M/SEC 2393 2393
CF 1.235 1,391
AE/AT 1.UU0 1.515
IVAC, SEL 301.5 339.5
I, SEC l6l.5 265.6
VEKLVAT IVES
(OLI/OLPCIPC/P v.01662 0. 0L5L1
(ULT/OCPCIPC/P  0.U4803 0.04453 0.03764
(DLAR/DLPCIPC/P -0. ~0.00476
LULES/ULPLIPCIP 0.01491  (.01491
(UL1/BHC )PL/P* L.0B944  0.09232

LOLY/0HCIPC/P*  0.G90GT0  U.09861 G.11773
{BLAR/UHLIPC /P¥* 0. 0.01094
{DLCS/unCIPL /P 0.G9216 0.09216
*{HC IN KLAL/G)

(uLI/OLPLP)S 0.86684 0.27844
(DLT/0LPLP)S ~0.USBT8 ~U. L9970 -0.10371
{ULAR/DLPCP ) S Q. 0.58693

MULE FRACTIONS

FLIG) 0.05430 ©.03921 0.01781
HL(G) 0.22640 0L.20853 (0.16957
H2(6) 0.07183 0.07625 (.09057
HiFLLG) 0.64748 0.67602 0.722006

AUDITIUNAL PROUUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS JERE LESS THAN 0.000005 FOR ALL ASSI3NZ) ZONDITIONS

F2(6)
INPUT, G-ATOMS/G
H F
FUEL €.9920635E 00 0.
OX IDANT 0.5263158E-01

PRUPELLANT 0.7U86168E-01 0.4887218E-01

CASE NO. ] 6U.0 13.000
NuTEe WEILGHT FRACTION UF FUEL IN TOTAL FUELS AND UF UXIDANT IN TOTAL OXIDANTS



TABLE VII. - Concluded. ROCKET ENGINE PERFORMANCE KINETIC NOZZLE EXPANSION

WI FRACTION ENTHALPY  STATE TEMP IZNSITY
CHEMICAL FURMULA (SEE NDTE) CAL/MOL JES K 5732
FUEL H 2 1.00000 -1893.670 L -0. -0.
UXICANT F 2 1.00000 -=3030.890 L ~0. -0,
0/F= 13.00000, PERCENT FUEL= 7.1429, EQUIVALENCE RATID= 1.4499, JENSITY= O.
PARAMETERS
EXET EXLT eXIT EXIT EXIT EXIT EXIT EXIT EXIT

PL/P 5. 000 80.000 100.000 800.000 1000.000 1500.000 2000.000 2500.000 3000.000
Py ATHM v.81l66 0.0510 0.0408 0.,0051 043341 0.0027 0.0020 0.0016 0.0014%
Te DEG K 3438 le91 | §-3=r 879 823 729 669 626 592
He CAL/G ~951le6 -—1853.4 =—19Uled ~2230.5 =-2255.4 =—2296.7 =-2323.1 =-2342,0 =2356.6
Sy CAL/(GLI(K) 347920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920 3.7920
M, MUL WT i5.139  15.139 15.139 15,139 15,139 15.139 15.139 15.139 15,139
LPy CALZLGLIIK)  0l5397 0.4850  0.4803 0.4436 0.4417 0.4391  2.4379 0,64373 0.4369
GAMM A 1.3214  1.3711 1.3761 1.4202 1.4229 l.4264  1.4280 1.4289  1.4295
MACH NUMBEK 1. 649 3,354 3.499 5.049 5.245 5.619 5.898 6,124 6.313
LCOTAR, M/SEC 2393 2393 2393 2393 2393 2393 2393 2393 2393
LF 1.391 l.684 1.699 1.796 1.803 1.814 1.822 1.827 1.831
AL/AT 1.515 8.204 9.519 38.61 44.91 59,12 71.88 83.68 94.75
IVAC, SEC 339.5 411.0 4l4.6 438.2 439.9 442.7 444,5 445.8 446.8
Is SEC 265.6 386.0 391.4 42644 428.9 433.1 435.7 437.6 439.1

MULE FRACTIONS

File) 0.01781 H1(G) 0416957 H2(G) 0.09057 HIFL{3} 0.72205

AUDITIUNAL PRUODUCTS WHILH WERE CUNSIDERED BUT WHUSE MOLE FRACT IONS #ERE LESS THAN 0.000005 FO ALL ASSI3NZ3 CONDITIONS

Fal6)

tukL

UX LUANT
PRUPELL
CASE Nu

NUTE.

INPUT, G-ATOMS/G

H
C.9920635E Q0 O.

G. U.5263158E~01
ANT  0.7LH6168E-01 U.4H8T218E-01
- [*] 12.0 13.000
WEIGHT FRACTIUN UF FUEL IN TOTAL FUELS AND UF OXIDANT IN TOTAL OX IDANTS

27



TABLE VIII. - SUBSONIC COMBUSTION RAMJET ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION

WT FRACTIIN ENTHALPY STATE_ TEMP DENSITY
JES K 3720

CHEMICAL FORMULA ({SEE NDTE) SAL/MIL
FUEL H 2.0000V0 1.00000 4942.900 3 -0. =J.
OXIDANT N 1.56180 0 0.41900 AR 0.00960 1.00000 12277.000 3 -2 =3,

U/F= 34,29030, PERCENT FUEL= 2.8336, EQUIVALENCE RATIO= 1.0000, JENSITY= 0.

PARAMETEKS
CHAMBER THRUAT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
PC/P 1.060 1.719 5.006 10,000 15.000 40.000 100.000 2G0.000 400.000 600,000
Py ATM 43434 25.21 8.668 “.334 2.889 1.084 0.4334 0.2167 0.1084 0.0722
T, DEG K 3221 3012 2611 2351 2199 1837 1524 1313 1125 1025
Hy CAL/G 48645 34641 99.6 —40.2  -115.0 =274.7 =398.7 ~-477.9 -545.9 =-581,0
Sy CAL/LG)K) 2.4990  2.4990  2.4990  2.4990  2.4990  2.4990  2.4990  2.4990 2.4990  2.4990
M, MOL WY 23,768 244010 244356 264503 264560 244629 24.644 24.646 24,646 26,646
COLK/OLPIT 0.01289 0.G0946 0.00419 0.00201 0.D0119 0.00023 0.00003 0.00000 0.00600 0,00000
COLMZOLT )P —042551 =0.2001 -0.1034 =0.0552 =-0.0349 -0.0081 =-2.0013 -0.0002 -0.0000 -0.0000
CPe CAL/LGI(K) 048583 0.7855 0.6293 0.5360 0.4906 0.4167 0.3833 0.3678 0.3545  0.3468
GAHH A 1.1634 1l.lo62 141816 1.1997  1.2128  1.2447 1.2672 1.2809 1.2944  1.3029
MAGH NUMBER 0. 1.000 1,742 2.125 2.335 2.836 3.324 3.717 4,132 4.387
CSTAR, M/SEC 1626 1626 1626 1626 1626 1626 1626 1626 1626
CF ~0.243  -0.039 o.112 0.150 0.348 0.461 0.528 0.580 0.634
AE/AT 1.000 1.533 2.361 3.096 6.124 11.79 19.46 32.24 43,33
IVAC, SEC -1018.3 -160.8 473.1 802.4  1471.9 1958.8 2256.4 2504.1  2629.0
I, SEC -1020.5 -164.2 467.8 795.6  1458.4  1932,8 2213.4  2432.7  2533,1
DERIVATIVES
(OLI/DLPCIPC/P 0.00829 0.00657 0.00544 0.00480 0.00344 0.00250 0.00198 0.00159 0,00140
LOLT70LPCIPC/P  0.02483 0.02020 0.01031 0.00381 0.00039 -0.00527 -0.00731 -0.00786 -0.00820 -0.00839
(DLAR/LLPCIPC/P -0. ~0. 00589 —0.00995 -0.01210 —0.01551 —0.G1636 -0.01636 -0.01630 -0.01630
{DLCSZULPLIPC/P 0.00652 0.00652 0.00652 0.03652 0.00652 0.00652 0.00652 0.00652 0.00652
(DL1/DHC)PC/P* 0023172 0.24499 0.25641 0.26385 0,28233 0.29757 0.30710 0.31518 0.31937
(OLT/DHCIPC/P* 0.36166 0.39519 0.49333 0.57918 0.6328) 0.74500 0.80985 0.84390 0.87570 0.89500
(DLAR/UHCIPC/P* 0. 0.05641 0.11184 0.14808 0.22579 0.27037 0.29404 0.31760 0.33270
(OLCS/DHL)PC /P Ge24293  0.24293 0.26293 0.24293 0.24293 0.24293 0.24293 0.24293 0.24293
®{hC IN KCAL /G)
(OLIZDLPLP) S 0.82347 0,26771 0.37731 0.14525 0.09596 0.06858 0.05428 0.04346 0,03830
(DLT/DLPCP)S  =0.12215 —G-12655 —0.14307 —0.15968 -D.17063 —0.19522 —0.21063 -0.21924 -0.22745 -0.23247

{DLARJDLPCP}S C. 0254463 0.62222 0.64531 0.67349 0.68658 0.69246 0.69509 0.69524

MOLE FRACTIONS

AR1LLG) 0.00766 ©0.00773 0.00784 0.00789 0.00791 0.00793 0.00794 0.00794 0.00794 0.00794
HLIG) 0.00905 ©0.00578 0.00L73 0.00055 0.0222¢ 0.00002 0.00000 0.000060 O. 0.
H2(G) 0.04044 0.03175 0.01636 0.00874 0.,00548 0.00121 0.00017 0.00003 0.00000 0.00000
H201{6) 027700 ©0e29364 0.32103 0.3335) 033854 0434479 0434621 0234639 0.34642 0.34642
NitG) . 0.00001 ©.00000 0.00000 0.00000 O. 0. 0. 0. 0. O.
N2{G) 061736 0.62475 0063614 0.64097 0.64285 0.64508 0.64557 0.64563 0.6456% 0464554
N1HL{G) 0.00001 0.00000 0.00000 0.00000 0402200 . 0. O. 0. O.
N1UL(G) 0.01154 0.00844 0.00376 0.00182 0.00107 0.00020 0.00002 0.00000 0,00000 0.00000
N10O2(G) 0.00001 V.00000 ©0.00000 0.00000 0.02000 ©Q.00000 O. 0. 0. 0.
014(6) 0.00327 ©.00202 0.00055 0.00016 0.00006 0.00000 0.00000 0. 0. 0.
02(6) 0.0U888 0.00749 0.00442 0.00257 0.00169 0.00042 0.00007 0.,00001 0.00000 0.00000
0lHLLIG) 0.02477 0.01840 0.00816 0.00379 0.0021%¢ 0.00034 0.00003 0.00000 0.0000C 0.00000

ADDITIUNAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNED CONDITIONS
N1H2(G) N1H3{G) N201(G) N204 (G) H201(5) H201(L)

INPUT, G-ATOMS/G

N v} AR

H
FUEL C.9920635E 00 0. 0. 0.
OX IDANT [1] 0.5391996E-01 0.1446566E-01 0.3314327E-03

PRUPELLANT C.2811150E-01 0.5239206E-01 0.1405575E-01 0.3220411€-03

CASE NJ. [ 636.9 34.290
NUTE. WEIGHT FRACTIUN OF FUEL IN TOTAL FUELS AND OF OXIDANT [N TOTAL OX IDANTS
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TABLE VII - Concluded. SUPERSONIC COMBUSTION RAMJET ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION

CHEMICAL FORMULA

0/F= 34.29030, PERCENT FUEL=

FUEL H 2.00000
UXIDANT N 1.56180 O 0.41900
PARAMETERS
CHAMBER EXLT EXIT
Pc/p 1,000 1.000 5.000
Py ATM 2.326 2.326  0.4652
Ts DEG K 2802 2802 2304
He CAL/G 303.8 303.8 -35.2
30 CAL/LGIK) 2.6826 2.6826 2.6820
M, MOL WT 23,791 23.791 24,388
(DLM/0LP )T 0.01347 0.01347 0.00382
CDLM/0LT )P -0.3007 -0.3007 ~-0.1051
CPy CAL/(GIK)  0.9920 0.9920 0.06488
GAMM A Lol481  1.1481  1.1759
HACH NUMBER 0. 1.763 2.59%
CSTAR, M/SEC 513 513
CF 0.050 0,400
AE/AT 1.020 3.068
IVAC, SEC 221.7 1717.8
1, SEC 208.4 1677.9
DERIVATIVES
(OLI/ULPCIPC /P 0.01869 0.00695
(OLT/70LPUIPC/P  G.02532 0.02532 0.01004
(ULAR/OLPLIPC/P -0. ~0. 00045
{ ULCS/DLPCIPC/P 0.00078 6.00078
{DLI/0HL IPC /P 0.16831 0.26202
{OLT/DHCIPC/P*  0.35978 0.35978 0.55014
( DLAR/DHCIPC /P% Ue 0.04627
{DLCS/UHC P C /p* 0.29965 0.29965
®(HL IN KCAL/G)
(DLI/DLPCP)S 0.26917 0.12133
(ULT/DLPCPIS  ~0.10952 ~0.10952 —0. 13880
(DLAR/OLPCP IS - 0. 0.12726
MOLE FRACTIUNS
ARLLG) 0.00766 0.00766 0.00785
HI(G) 0.UL059 G.ul059 0.00L75
H2(6) 0.U3881 0.03d81 0.01463
H2ULLG) 0.27929 0.27928 0.32407
n2(G) 0.61937 0.61937 0.63774
NI0L(G) V.00772 0.00772 0.00225
uLlG) 0.00371 0.00371 0.00051
u2(6) 0.01083 0.01083 0.00476
O1HL(G) 0.0220Z 0.02202 0.00643

ADDITIUNAL PRUDUCTS WHICH WERE CUNSIDERED

WY FRACTIIN ENTHALPY
{ SEE NOTE) SAL/MOL
1.00000 4942.930
AR 0.03960 1.,00000 2840,000

2.8336¢ EQUIVALENCE RATIO= 1.0000, DJENSITY= 0.

EXIT EXIT EXIT
10.000 15.000 18.000
0.2326  0.1551 0.1292

2077 1940 1878
-158.6  -224,5 -252.6
2.6826  2.6826 2.6826
24,533 24,584 24,601

0,00162 0.00086 0.00063
~0.0495 =-0.3282 -0.0213
0.5270 0.4735 0.4541
1.2015  1.2190  1.2269
2.919 3.111 3.198
513 513 513
0.513 0.568 0.590
5.106 6.890 7.883
2216.8 247048  2576.5
2150.6  238l.1  2473.9
0.00567 0.00495 0.0046%

0.00281 -0.02087 -0.00227
-0.00512 -0.00749 -0.00837

0.00078 0.02078 0.00078
0.27973 0.29116 0.29638
0.67727 0.75379 0.78595
0.13139 0.18427 0.20663
0429965 0.29965 0.29965
0.09378 0.08142 0.07652
—0.16132 -0.17555 ~0.18167
0.13670 0.13709 0.13673
0.00790 0.00792 0.00792
0.00047 0.02017 0.00010
'0.00709 L.00407 0.00306
0.33619 0.34074 0.34221
0.64218 0.64376 0.64426
0.00097 0.02052 0.30038
0.00012 0.03004 0.00002
0.00246 0.00147 0.00112
0.00262 0.09132 0.00093

BUT WHUOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FO ALL ASSISNED

NI1(G) NL1HLLG) N1H2(G) NIH3(G) N102(G} N20L(G) N204(G) H231(5)
INPUT, G-ATOMS/G
H N o AR
FueL 0.9920635E 00 Q. 0. 0.
UX 1DANT [ Ue5391996E-0L 0.1446555E-01 0.3314327E-03

PRUPELLANT C.2811150E-01 0.52392C6E£-01

CASE NO. (4} 34.2 34.290

0.1405575E-01 0.3220411E-03

NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL OXIDANTS

STATE__TVEMP
JES K

3 =3

3 -0.

CONDITIINS

4201 (L)

DENSITY
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throat, or are printed out on the second page if the freezing point is upstream of the
throat.

Table VII presents the sample output for an equilibrium nozzle expansion for a
subsonic-combustion ramjet and a supersonic-combustion ramjet. The pressure ratio
and area ratios for the supersonic-combustion ramjet are based on the combustor-exit
static pressure and area, respectively.

COMPARISON OF APPROXIMATE KINETIC SOLUTION WITH
EXACT KINETIC METHOD

To indicate the utility of the approximate kinetic analysis to various chemical sys-
tems, calculations from this method were compared with those from the exact kinetic so-
lution of reference 4. Both methods were used to compute the vacuum specific impulse
for rockets and the net fuel specific impulse for ramjets as a function of the nozzle-area
ratio. Inasmuch as the chemical kinetics are affected significantly by nozzle geometry,
the same nozzle geometry was used for both methods. In figure 3, the fuel specific im~
pulse calculated by the two methods is shown for the hydrogen-air system for an equiva-
lence ratio of 1. The nozzle geometry is shown in the figure and is a 7°-conical nozzle
with a throat radius of 4. 064 centimeters. It can be seen that the approximate solution
agrees quite well with the exact solution. At an area ratio of 40, the difference in fuel
specific impulse calculated by the two methods is only 60 seconds, or about 2 percent.

A comparison for the propellant system of nitrogen tetroxide with a mixture of
50 percent hydrazine and 50 percent UDMH is shown in figure 4. The important recom-
bination reactions for this system are the same as those for the hydrogen-air system
presented in table I (p. 6). The nozzle geometry used in these calculations is a 20° con-
ical nozzle with a throat diameter of 1.3 inches, described in reference 10 and shown in
figure 4. Again, this figure shows that the impulse curves determined by the two meth-
ods are in close agreement. The specific impulse calculated by the approximate method
is only 6 seconds, or about 2 percent, above that of the exact solution at an area ratio
of 100.

As mentioned previously, the application of the approximate solution to the two sys-
tems, hydrogen-air and nitrogen tetroxide with a 50-50 mixture of hydrazine and UDMH,
was investigated in references 8 to 10 with similar favorable results., However, the use
of the approximate solution for the hydrogen-fluorine system has not been fully evaluated.
A comparison between the two methods was made in reference 13 for hydrogen-fluorine
at oxidant-fuel ratios of 8 and 14. In this comparison, the calculated specific impulses
determined by the approximate method were about 12 seconds lower than those calculated

30



TABLE IX. - HYDROGEN-FLUORINE
RECOMBINATION REACTIONS AND

REACTION RATE CONSTANTS

Recombination reactions

K,
H+F+MZHF +M
K,

H+H+MZH2 +M
Ko

Recombination rate constant | Reference
°K) (cm6) / (molez) (sec)

c, = 17.5x1018 14
C, = 7. 5x108 14

by exact method. In the present study, the comparison of the two methods for this sys-
tem was extended to cover a range of oxidant-fuel ratios from 7 to 19 for two nozzle ge-
ometries. The recombination reactions and rate constants for this study were taken from
reference 14 and are presented in table IX. The nozzle geometries used are the con-
toured bell and the 15°-conical nozzles described in reference 15. Figure 5 presents the
vacuum specific impulse calculated by the two methods as a function of nozzle-area ratio
for the contoured bell nozzle for an oxidant-fuel ratio of 9. The difference in specific
impulse calculated by the two methods is 4 seconds, or about 1 percent, at an area ratio
of 100. The agreement then is quite good for this oxidant-fuel ratio and nozzle geometry.
The calculated specific impulse for the same nozzle for an area ratio of 100 and oxidant-
fuel ratios ranging from 7 to 19 is presented in figure 6. The impulse curve determined
by the approximate solution is in agreement with that of the exact method. The difference
in impulse calculated by the two methods increases somewhat with increasing oxidant-
fuel ratios. Impulse differences are 4 seconds, or 1 percent at an oxidant-fuel ratio of

9 and 10 seconds, or 2% percent at an oxidant-fuel ratio of 15. Figure 7 shows the spe-
cific impulse calculated by the two methods for the 15%-conical nozzle for the same range
of oxidant-fuel ratios. The approximate method is in general agreement with the exact
method but is about 10 to 15 seconds lower, or 2% to 3 percent. However, considering
that the difference between the equilibrium and frozen curves increases from 50 seconds
at an oxidant-fuel ratio of 7 to 95 seconds at an oxidant-fuel ratio of 19, the approximate
method does agree well with the exact method for the range of oxidant-fuel ratios con-
sidered.
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CONCLUDING REMARKS

The approximate kinetic analysis used in the program was shown to predict dissoci-
ation losses that agree reasonably well with exact solutions for the propellant systems
hydrogen-air, hydrogen-fluorine, and nitrogen tetroxide with a 50-50 mixture of hydra-
zine and UDMH. The approximate program uses about a 1/4-minute execution time per
case.

The program may be used for kinetic calculations for other similar systems subject
to the following conditions:

(1) Bimolecular reactions involving small energy changes

(2) A detectable molecular weight change with temperature and pressure resulting

from the recombination reactions only

For systems that do not fulfill completely the above limitations, preliminary com-
parisons of the results from the approximate analysis with those from an exact solution
(ref. 4) would indicate the extent of the error involved.

The program may be obtained by a request to the authors. It is preferred to copy the
the program on magnetic tape instead of IBM cards. Therefore, a blank magnetic tape
of 556 or 800 bits sent with the request would be desirable.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 26, 1967,
126-15-03-08-22.
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APPENDIX A

RAMJET COMBUSTOR ANALYSIS

To give the program the capability of calculating engine performance for a wide va-
riety of ramjet configurations, the combustor solution is designed for either a specified
combustor pressure ratio or area ratio. For other then constant pressure or area cal-
culations, then, some assumption for the pressure distribution is necessary. In this
analysis, a linear distribution of pressure with a cross-sectional area is assumed. The
determination of the flow properties at the combustor exit requires an iterative solution
for five unknowns (enthalpy, temperature, velocity, molecular weight, and either pres-
sure or area) and the use of the four conservation equations (momentum, energy, mass,
and state). Assume that conditions at the combustor inlet are known. Let subscript 2
indicate combustor inlet, 3 combustor exit, and f fuel.

Applying the conservation of mass, momentum, and state equations yields the veloc-
ity at the combustor exit:

3
m3V3 + P3A3 = szz + P2A2 +[ PdA + (mef + PfAf)

mgVsg
cos @ - Cpy ——= (A1)
2-0

m3=m2+mf

Assume

3
[ PdA =§ (Pg + Py)(Ag - Ay) (A2)

The equation of state when applied to the fuel momentum yields

m, Vf + gRT
™2 4V /s
mg

From the conservation of energy,
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£
AL AL v
H3 = 4 4 HZ + + Hf (A4)
<1 L > 2¢J <1 . g) 2T 23
a a

Solution for Specified Area Ratio

Combining equations (A1) to (A3) and letting K = A3 /A2 yield the velocity at the
combustor exit:

gRT P gRT
1 2(1+K)1-—:i +£cosonf+ f

Vs~ c Vetoay A (49)
P a \'
<1+_D><1+£> 2V 2 Vi

2 a
The continuity equation yields

_ P3 .,l3 Zg T2K

T3——
Py My Vg 1+<£>

a

Use Hg from equation (A4) and an assumed P3. The thermodynamic routines of the

program are used to compute the temperature T'3.

The combustor-exit conditions are then determined by an iteration between T'3 /T3
and P3 /PZ’ which converges at the pressure ratio P3 /P2 at which [Té/T3 -1- 0[ =

tolerance.

Solution for Specified Pressure Ratio’

Combining equations (A1) to (A3) and letting K = Py / P, yield the velocity at the

combustor exit:
gRT3(K -1)

\Z gRT
Vg' 3 v 2 (1-K)+<£>cos a<Vf+gRT> - K =0 (A6)
f

9+
C 2.4,V a MV C

<1 +£> 1+—2 272 2M3 1+—-——D
a 2 2

34



Let

gRT4(1 - K)
Cl=- 1 V2+—i———— +<£>cosa<V+@'£>
C 2 V a MV
(1 +£ 1 +—D 272 f
a 2
and
c2-_ K
C
2/3<1 +—2>
2
then

_-ct+Vci? - 4c2 A7)

2

Vs

Rearranging equation (A4) also yields the velocity at the combustor exit:

f

V3 AL AL
= +Hg) +——— — + Hg - Hg (A8)
2gJ <1 1) \2e7 (1 L1 \2es
a a
Let
V3 velocity determined by eq. (A7)
\£! velocity determined by eq. (A8)

The combustor-exit conditions are then determined by an iteration between V3 / V'3 and
H3, which converges at the enthalpy H3 at which |V3 / VE,’ - 1. 0| = tolerance.
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APPENDIX B

NOZZLE CONTOUR INPUT FOR KINETIC CALCULATIONS

The solution of equation (7) in the section Approximate Kinetic Analysis requires the
determination of the derivative of the nozzle cross-sectional area ratio d(An /At) with re-
spect to length X This determination is accomplished by using the nozzle throat dimen-
sion y, and knowing the equation of the nozzle contour, X = f(yn).

The derivative of X with v, is

dx
_n_ df (B1)
dyn dyn
For axisymmetric nozzles, the derivative of the area ratio with y, is
A
al =2 .
A y
2=t (B2)
dyn Vi
Therefore,
A 2yn
n P
aq—] 3
SRS
=— (B3)
ax, df
ay

=10 (B4)

Therefore,
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dﬁ
Ay

[\
I& |=!<N I:s%

(B5)

dxn

dyn

The nozzle contour may be defined by more than one equation by dividing it into a
maximum of five sections for rockets and subsonic-combustion ramjets or into three sec-
tions for supersonic-combustion ramjets. The limits of the sections are the input param-
eters SUB1, SUB2, and SUB3, which are referred to in Description of Input. The equa-
tions for each section are defined by the input constants and the exponents CON and EEXP.

The following sketches show how the nozzle contour is defined in equation form:

1 2 3

(a) Rocket or subsonic-combustion ramjet. (b) Supersonic-combustion ramjet.
where

SUB1 An /At separating sections 1 and 2
SUB2 An /At separating sections 3 and 4 for rockets or subsonic-combustion ramjets
SUB2 An /At separating sections 2 and 3 for supersonic-combustion ramjets
SUB3 A /At separating sections 4 and 5
The nozzle contour for each section may be described by either a polynomial of five

arbitrary coefficients and four arbitrary exponents or the equation of a circle. For a
polynomial,

x=a+byi+cyj+dyk+eyl

_dﬁ = biyi—

dy

1 -1

+ cjy]_1 + dkyk'1 + elyt

where the values of CON and EEXP are
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CON()) =b EEXP(1) = i

CON(2) = ¢ EEXP(2) = j
CON(3) = d EEXP(3) =k
CON(4) = e EEXP(4) = 1

For a circle,

(x-a.)2+(y—b)‘2=c2

x__  b-y

RN
where the values of CON are
CON(1) =b
CON(2) = ¢
CON(3) =0
CON(4) =0

The exponents, EEXP, are not used
The following example will illustrate the manner in which these input parameters are

used. Assume that a rocket nozzle has a contour that may be described as in the follow-
ing table:

Section Limits Equation type
1 Combustor to A/AT = 10| Polynomial
2 A/AT =10 - A/AT =1 Circle
3 A/AT =1~ A/AT =20 Circle
4 A/AT =20 - A/AT = 50 Polynomial
5 A/AT =50 - A/AT =200 | Polynomial

The values of ITYP, CON, and EEXP are presented in table X.

38



SphLE-H

[
©w

TABLE X. - INPUT FOR DEFINING NOZZLE CONTOUR

TITLE

Sample Input Data

PROJECT NUMBER

ANALYST

SHEET OF

STATEMENT %
NUMBER 8

FORTRAN STATEMENT

IDENTIFICATION

12365678910 1121311516 17 m!|9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3L 35 36 37 38 3940 41 L2 43 L6 45 46 47 4B 49 50 51 52 53 54 55 56 57 58 59 60’ 61 62 6364 65 66.67 68 69 70 71 72 13 74 1576 77 7879 80
10. 0‘0 72'0 .00 50.00 10.40 '(SUBI, SUBZ,I SIUB.3, Y"i')

9 L - (NZTYP) L
L2 2 1 1 N : (ITYP) e L
b 1 _'__,Ll*__* a1 el b2 _ Y

c2 0.0 0.0 . b3 ¢,3 [AGON) | . L
0.0 — 0.0 b4, ., . ., .cd . d 4 N N
e d . b'5: cs5 a5 e’ ~ .
il il : Lkl ml 0.0 . . ,
0.0 0.0 0.0 0.0 0.0 JAEEXP) o
J 0 0.0 id L Lj L .k4 N — — s
. m_4,_. .05 . .5 JE_H_HKJ m, 5 — et i
|
‘ i . N R . - P
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APPENDIX C

FORTRAN IV PROGRAM LISTING

40

C MAIN PRUGRAM
9 NEW CUMMON
&
CUMMUN /KD S/KOK  JADD I ¢yMNFR,ICONST oI RAM, IZEI AR, IROU, ICON,
2IFREZ
CUMMUN/KN1/SUBL,SUB2,SUB3, YT NZTYP,
21TYPL5),CUN{20}) sEEXP(20) 4AK(20)
CUMMON /KN2/JEAM, I TIME2 yUARDX s CUNVER JAPE 4 SAPE,
2SAPEL s SAPE2, INUME ,PPT
CUMMON/Z/KN3/KUNT 3 [N 9SPCP(25) s KAPPA,AWT s OLDAWT 4PCP T
CUMMUN /RM1/COSTH,CD yCDA 4 TF yHEATC ,P2 ,T2 yAMOL 2 ,V2,GAM2Z,
2PFIELD,VO,AGAC,Q1Q0,P3P2
CUMMUN/RM2/PP3P2,CVsV4y JRAM
CUMMUN /KN4/ANAME {2,200 1 JK(20) yNUM(3,20)
29 NMUL ¢ NAK
C
¢ END OUF NEW CUMMOUN
o
C
DIMENSIUN G(20,21)s A(15,90), EN(90)}, EN LN(9])
DIMENSIUN DEL N{90), HHO(90), 5§90}, X(2D)
UIMENS ION DELTALZ20), BO(15), PCP{25), PROD(3)
UIMENS ION COEFX(20)y DX{(20), FORM(15)
DIMENSIUN CUEFTL1(15,90) 4 COEFT2(15,90)
DIMENS IUN ELMT({15), DATA(23), DATUM(3), FORMLA(18)
OIMENS IUN BOX(15), BOF(15), ANS(454), SYSTM(15)
DIMENSION LLMT{15),MTSYS(15) sMDATA(23)
DIMENS ION ANSLAB(454), COEFT(15,90)
DIMENS ION MATOM(101,3), ATOM(101,3)
CUMMUN &6
COMMON QOOQOCMITT700)
C CUMMON C
EQUIVALENCE {G{1), Ce1di, (G{420), C{42))
EQUIVALENCE (ANS(1)y CHl421)), (ANS(454), C(874))
EQUIVALENCE (HSUM, C(424)), {SSUM, C{425))
EQUIVALENCE {WTMOL, C(4261), (CP, C(427))
EQUIVALENCE {DLMPT, C(428))s (DLMTP, C(429))}
EQUIVALENCE (GAMMA , €C{(430)), (ARATIO, C{a3l
EQUIVALENCE {VMACH , Ci432)), (SP IMP, c{433))
EQUIVALENCE (VALL, Ccl434)), {CF, C(436})
EQUIVALENCE (RHOI , C(437))y (RHOVAC, Cl438))
EWUIVALENCE {RHU, C{439))
EQUIVALENCE (T PI, C{440))y (PI I, C(441))
EQUILIVALENCE (EP PIL, Cta42))y, (AW Pl C(443))
EQUIVALENCE {T ETA, Cl445))
EQULVALENCE {ETA I, Cl446)) s (EP ETA, C(447))
tQUIVALENCE (AW ETA, Cl448l)y (T SIG, C(452))
EQUIVALENCE (SIG I, C{451)), (EP SIG, c(452}))
EQUIVALENCE (AW SIG, C(453))
EQUIVALENCE (ANSLAB (L), C(B75)), (ANSLAB{454), C(1328}))
EQUIVALENCE (FORM(1), C(1329)), (FORM(15), C(1343}))
EQUIVALENCE {ELMT(1), C(1344)), (ELMT(15), C(1358))
EQUIVALENCE (LLMT(1), C(l344)) s (LLMT(15), C{(1358))
EUUIVALENCE {DATA(1), C(1359)), ({(DATA(23), C(1381))
EQUIVALENCE (MDATA{1), C{1359)), (MDATA(23), C(1381))
EQUIVALENCE {EN(L), C(1382)), (EN(90), C{1471))
EQUIVALENCE (ISYS, Cl1472)), {JEAN, Cl1473))
EJQUIVALENCE (AC X, C(1474)), (ACF, Cl{1475))
EWVIVALENCE {AMX, C{l1476)), {AMF , C(1477))
EQUIVALENCE (RHOX, C(1478)) (RHOF, Cli1479})
EQUIVALENCE (COEFX{1) C(1480)), (COEFX(20)y Cl1499))
EQUIVALENCE (0X{1}, C(1500)), (DX(20}), C{1519))
EQUIVALENCE {FORMLA(1)y CU(1520)), (FORMLA(18), C(1537)})
EQUIVALENCE (MMLA(L) C(1520)), (MMLA(18), C(1537})



oCo

EQUILIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE (KODE,

EQUIVALENCE(NF,C(1562))

EQUIVALENCE
EQUAVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUIVALENCE
cQUIVALENCE
EWUIVALENCE
cQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUAIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

(PROD(L), C(1538)), (PROD(3), C{1540))
{SYSTM(1l), C(1541)), {(SYSTMI(15), C{1555))
(MTSYS(1)}y C(L5411)s (MTSYS(L5), CL1555))
(OF, Ci1556)), (FPCT, C(1557))
(EQRAT, C{1558)}

CL1559) ), {KASE, C{1560))
(NG, C(1563)) 4 (NE, C{1564))
(NUEQ, C(1565))
(BOX(1), CL1771)), (BOX{15), c(1785}))
(BOF(1), C(1786)) s (BOF(15), C(1832))
(HX, C(1801)) s (HF, €(1822))
(VXPLS, C(1803))s (VXMIN, C(1824))
(VFPLS, C(1805)) s (VFMIN, ci18l6))
(EN LN(1)y, C(1861)})s (EN LN(9D), C(1950))
{DEL N(L), C(1951)), (DEL N(93)}, C{2040))
(HO(1), C(2041)}, (HO(90), C(2130})
(Stl)y Ci2131))y (S(390), €(2220))
(X(1), C(2221)}), (X{20), €(2240))
(DELTA(1)y C(2241)), (DELTA(22), C(2260))
(B0O(1), CL2261)), (BOI(15), c(2215))
(PO, C(2276)) 5 (HSUBO, C(2277))
{50, C{2278)})s (T LN, C(2279))
(T, C{2280)) s (AAY LN, €(2281))
(AAY, €(2282)) s (CPSUM, €(2283))
(HC C(2284))y (TC LN,y c{2285)}
(PCPLL),y C(2286)) s (PCP(25), c(2310n)
(DATUM(L1), C(2311)), (DATUM(3), C{(2313))}
(PC, Ct2314)), (TC, C(2315))
(IPROB, C12316)), (IFIXT, C(2317))
(IHS, C(2318)) s (ICOND, c(2319))
(ISYM, €(2320)), (IPROD, c(z2321))
(IDID, C(2322)) s (LDRUM, C(2323))
(IDRM, C(2323))+ (KDRUM, C(2324}))
Ly £12325)), (L1, C(2326})
(M, C(2327)) s (Ml, c(2328))
(N, C€2329)), (IQ, C(23301)
{141, c(2331)), CiQ2, C(2332))
(1Q3, C(2333)), (KMAT, C(2334))
(IMAT, Ct2335)), (LUSE, C(2335}))
(IADD, C(2336)), (ITNUMB, ci2337)n
CITAPE, Ci2338)), (P, C12339))
(IDEBUG, C(2340)), (IFROZ, C(2341))
(A1), C(2342)),y {(A(1350), C{3691))
(CUOEFTL(1}y C(3692)), (COEFTL(L350), C(5041))
(COEFT2(1)y C(5042)), (COEFT2{(1350), C(6391))
(COEFT(1), C(6392)), (COEFT(1350), C(7741))
(ATOMULY, CHL7742)), (ATOM(303), C(B8I44)])
(MATOMU1), C(T7742)})}, (MATOM(3D3), C{(8244))

EQUIVALENCE (KUORE, C(8047))
EQUIVALENCE{MT,DMT)
EQUIVALENCE (HS, MHS) y (TS¢MTS) o {PT,MPT) ,{(TP,MTP), (DET ,MDET)
EQUIVALENCE (PRUB 4MPRUB) » (ENDyMEND)
EQUIVALENCE (TMLM,MTMLM)

¢+ (BLKsMBLK)

DATA QOOUCT/030U7362606060/

H $=Q00OCT

DATA QCO01CT/0637362606060/

T S=QUOLCT

DATA QG02CT/0477363606060/

P T=Q002CT

UATA QO03CT/U637347606060/

T P=Q003CT

DATA QO004CT/0242563456060/

vET=Q004CT

VATA QUO5CT/U254524606060/

END=QOO05CT

DATA QCO06CT/U60/

BLA=QOU6CT

DATA QUO7CT/U464431636060/
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s s X aN gl

UMIT=QOu7CT

DATA QULOBCT/0606060606060/
UMT=w0C8CT

READ IN INPUT DATA

IF (1S5Y5-99) 4Gl,403,401

403 READ {3)(Gl1,1)41=1,8044)

ReWIND 3
CALL SSWTCH(64K000FX)
GO TO(651+3003),K0U0FX

4Ul ISYS=9S

IFRGZ=0
REWIND 4

5000 CUNTINUE
429 CALL INPUT

INPUT READS PROPELLANT CARDS
IF(L.EQ.0)GU TO 651
REAVL{ 5,10)
2KUK s JADDI sMNFR 4 IDEB UG,
21PRUBy ICUNSTy IRAMyIZEIAR,
2IRJUy ICUN IFREZ

10 FORMAT(2013)

4

7

12

41

43

15

16
17
i8

42

44
20

30

DEBUG

2KUK 3 JADDI s MNFR o EDEBUG o
21PROBy ICONST 5 IRAMoIZELIAR,
21RUUy ICUN, IFRELZ

KAT1l= JADLDI

KAT2= 1FREZ

WRITE(694)
FURMAT(24HUPRESSURE RATIU SCHEDULE)

DIMENSIUN ZPCP(25)

READ(5,7)

2(4PCP L 1)y 1=1,JALDI)

FURMAT{5F10.5)

WRITE(6s12)

2L4LPCP{I)s 1=1,JADDI}

FORMAT(5G17.8)

IFIMNFR.NES-2)60 TO 20
READ(547)SUBLsSUB2,SUB3,YT

READ{ 5410 INZTYP

READ(S,10MITYP{1)s1=1,5)
READIS7){CON(I )4 I=1,ICON)
REAULS»7TILEEXP L) I=14ICON)
READ( 5410 JINMOL NAK

READU 594 L (T UKL ) 2 (ANAME (Jy1) 40=1,2),1=1,NMOL)
FURMAT(15,5X,2A6)

READ{ 5,43 )1

2AK LD AINUMEJ 9y 1) 4J=143),1=1,NAK)
FURMAT(E10.5,315)

WRITEL6,15)

FORMAT{34HOCONSTANTS FOR KINETIC CALCULATION)
DEBUG SUB1,SUB2,SUB3,YT,NITYP

WRITEL 64161 ITYPLL)I=1,5)

FURMATI(SHOITYP 2X,1013}

WRLITEL 694 T)ECUNLL) 4 1=1,1ICUN}
FORMAT(4HOCUN/(5G17.8) 1)

WRATE( 69 18I EEXP(I),1=1,1CON)

FURMAT (5HOEEXP/(5G17.8))

WRITE(E,42)

FORMAT{27HOMOLECULES AND AK CONSTANTS)
WRITE(O, 4L TJK(L) o (ANAME(U,1) yJ=1,2),1=1,NMOL}
WRITE( 644l (1,
2AKE L) 9 INUMIJ 1) 9J=1+3),1=1,NAK}
FURMAT(LHO/{ 1X+3HAK{ 411 ,2H)=G15.8,313))
CONTINUE

IF(IRAMNE.L1)}GO TO 21

WRITE(6,30)

FURMAT (33HOCONSTANTS FOR RAMJET CALCULATION)
READ(5,77)
2COSTHeCO,CUA yTFSeWMF y VT ,DELH,
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21

443

(X gl gl

1447
447
920
921
448

449

o0

452

1452

453

459

b98

Ooo

[>10]¢]

1198
1199

158

199

E-3745

P2y T2y AMOL 24 V24GAM2,
2PFLELD,VO,ADAC,Q1Q0,P3P2
VEBUG

200STHy CDsCDA o TFSy WMF g VT 4DELH,

2P 2, T24 AMOL 2,V2,GAM2,
2PFIELD VO ,ADAC ,Q1Q0,P3P2.
VZ=Vvi/ .3048

VU=V0/ .3048

VT=VT/.3048

TF, = VI + B89548.2 * TFS/IWMF * VT)
HEATC = VT * % 2,0/90185.76 + DELH
17 FORMATI7F10. £/5F10.5/5F10.5)

CUNT INUE
IF{IPROB. Qe LIMPRUB=MHS

1F{ IPROB.EQ.2)MPROB=MTS
KASE=0

WNRITE (65443)0HX, VXPLS VXMINHF o VFPLS s VFMIN ¢« (ELMT(I)yB

LOXE1) ¢ BOF (1) 90=1,L)

FURMAT (LOHJUXIDANT 3E16.6/10H FUEL

RIGHT ADJUST ELEMENT SYMBOLS

DO 447 K=1,L

TMLM = ELMT(K)

ELMT{K ) =AARS{24, TMLM)
DATA QGGYCT/0OT7T/

TMLM =AND{ELMT(K),Q0U9CT)

IF {MTMLM—MBLK}) 447,1447,447

TMLM = ELMTIK)}

ELMT(K) =AARS(6, TMLM)
CUNTINUE
IF(SYSTMIL+1))453,920,453
IF (SYSTMIL) ) 921,453,921
DU 449 K=1,L

D0 448 J=1,L

IF (LLMT{K)I-MTSYS(J)) 448,445,448

CONTINUE
GU TO 453
CONTINUE

CANCEL —~-—0MITS~-—FRUM PREVIOUS PRUBLEM

DU 1452 J=14M
COEFT1{1,J) = DMT
COEFT2{1,41) = OMT
COeFT(1led) = DMT

IUSE=1

GU TO 598

U0 459 K=1s15
SYSTMIK)=ELMT(K)}

CALL SEARCH

IF (1USE-2) 600,6354635

3EL15.6/(1H A6,2E20.8))

SET ARRAY PROD TU BYPASS ALL COUNDENSED PHASES

PRODL1)=0.0

PROD( 2)=0.0

IF (M~35) 198,198,1198

IF (M—17G) 199,199,1199

IF (M-S0} 200,200,635

DATA QOlOCT/O37777777779771/
PRUDIZ)I=QU10CT

VATA QOLICT/03777777777171/
PRUD( 3)1=Q011CT

TMP=PROD( 2)
PRUD(LI=AARS(M,TMP)

GU TU 201

Miz = M-35

DATA QOL2CT/0377777%7177717
PRUDI( 3)=Q012CT
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200

201

o0

221

222

[aN 2N gl

602

6u5

607
609

1700

1701

(g N N o]

700
U1l

705
902

701

903

709
904

711

[a N ai o

3003
719
35

44

TMP=PROD{ 3)
PRUD{ 2)=AARS{M12,TMP)

GU TO 201

M1l2 = M~T0

DATA QO13CTY/037771777171771/
PRUDE 3)=Q013CT

THP =PRUD( 3)
PROD(I3)=AARS(M12,TMP)
Ie=L

Iwi=1Q+l

IQ2=1Qi+l

1Q3=iQ2+1

Li=1Ql

Ml=M+1

UETERM INE CUNDENSED SPECIES TO BE USED IN THE FIRST ITERATION

DU 222 J=1.+M

LALL BYPASS(Js1l)d

LF (IPROD - 2) 221,222,221
COEFT1(1l,J) = OMIT
COEFT2{1,J)=0MIT

CUNTINUE

ARRANGE ANSWER REGION

=1

DO 602 J=1,N
ANS{I)=COEFTZ2(1+J}
ANSC(I#1)=COEFT2(2,4)
ANS{I+2)=COEFT2(3,J)
ANS{I+3) = 0.0
i=l+4

K=4%N

I=K+34
ANS{ 1 )=ANS(K)

K=K-1

IF (K) 651,607,605
DO 609 K=1s34

ANSIK)} = 0.0

DO 170G K= 1y 454
ANSLAB(K} = ANS{K)
DO L7011 J = 1. 15

V0 1701 K = 1y 90
COEFT(J,K) = COEFTLLJ,K)

DETERMINE THE TYPE OF PROBLEM

IFRUL=1

IF (MPKRUB—MHS) 705,901,705
IPROB=1

GU TO 1719

IF {MPROB-MTS) 707,902,707
IPROB=2

GU TO 719

IF (MPRUB-MPT) 709,903,709

IPROB=3

GU TO 119

IF (MPROB-MTP) 711,904,711
IPRUB=4

GU TO 719

IF {MPROB-MT)631+429,631

DETERMINE THE ASSIGNED VALUES FUR THE PROBLEM

CUNTINUE

READL 5335 )EQRAT4OF 4FPCTHPC4TC,HCV
FORMAT{7F10.5)

IFIPC .EQ.0.0)GU TO 429

DEBUG CV



[l ol 2

9999
23

725
1217
729

731
733
1733
745

746
1417

1406

149
755

IF {LQRAT) 725, 725, 723

O F={~-EtQRAT*VFMIN-VFPLS}/{VXPLS+EQRAT*VXMIN)

F PCT=100.0/(1.0+0 F)

Uy TU 745

LF (U F) 731,731,727

F PLT=100.0/11.0+0 F)

EJRAT=ABS{ (U FVXPLS+VFPLS) /{0 FEVXMIN+VFMIN))
Gu TU 745

1k (F PCT) 700,700,733

U F={100.0-F PCT)/F PCT

IF {0 F) 719,1733,729

IF (VvFMIN) 729, 746,729

LE (U F) 71997464740

VU 747 i=1,L

BOLL)=(0 F¥*BUX{1)+BOF(1))/(1.0+u F)

IF (1PROB-1) 6519749,748

HSUBU=L.U

vu Tu 755

HO5UBU=(0 F¥HX+HF)/(1.0+0 F)

WKITE (69 76GIKASEPRUB yU F oF PCT,EQRAT,PC,HSUBD,

st}

160

1771

771
72
1172
175
ai
779
715

ile

40

631
633

635
6037

€39
640
VU

643
651

FUKMAT (L1HL1I5,3XsA06/1H 4E17.8/{1H TEL7.8))
HSUBU=H5UBU/1.98726

LU L7740 I = 1, 454

ANS( L) = ANSLAB(I)

RHU=RHUX+0 F*RHOF

IF (RHU) 772,772,771

RHU={ 1+0+0U F}*RHUX¥RHUF /RHU
VU L7721 = 1, 454
ANSLABLI) = ANSII)

IE (LFROZ)Y 717,651,779
CUNTINUE

CUNTINLE

DO 716 K=1,25

SPLPink)=V.U

PCPIK =00

JAUDL = KATL

IFREL= KATZ2

IF(MPRUB. EWQ.MHS) IPROB=1
IF(MPRUB. EQ.MTS) IPROB=2
LU 40 I=l,JADDI
PLPLLY=ZPCPLTL)

(80(I)yI=1

SPLP1)=cPCP (I}

PP 3Pc=0.0

V4=Ue 0

JEAM=0

ITiMEZ=v.U

CUNVER=0.0

LFIKUK +EQ «O)KUNT=2

IF(KOK obW « LIKUNT=1

KAPPA=GC

Iun = €

CALL CUREZ

w TUu 1

ERKUK PRINT OuT

WRITE (6,633)PRUBJKASE

FURMAT (21HLTHERE S NU PRUBLEM A6,2X,4151)
vu TU €51

WRITE (64637)

FUKMAT (47HLTRuUBLE IN CUMPILING MASTER THERMUODYNAMIC TAPE)
KREWIND 4

READ (4)(DATA(1),1=1,23)

nRITE (656400 {DATALL) 31=1,23)

FURMAT (ln 3A642F1Uet /{1H 2FBsl47E14.6))
L (MDATA(L)-MENU) 039,900,639

WRITE (69043} {{COLFTL(KyJ) 9K=1414) 9J=1 4N}
WRITE (609643 )({CUEFT2{KyJ)yK=1,414) ,J=1yN}
FURMAT (LH 3A042F1542/2F8a 19 TELZe0//)
REWIND 4

sTOP

END
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SUBRUUTINE BYPASS (J,IARG)

DIMENS ION
DIMENS ION

GL20,21), [
DEL N(9C),

{15+90)

HO(90) ,

EN(90) »
$190)

DIMENSION DELTA(20), BO(15), PCP(25), PROD(3)

DIMENS ION

DIMENSION COEFTL1(15+90)

DIMENS IUN ELMT(15), DATA(23), DATUM(3), FORMLA(18)
DIMENS ION BOX(15), BOF (15) ANS(454) SYSTM{15)
DIMENSION LLMT(15)4MTSYS{15) ,MDATA(23)

DIMENS ION ANSLAB{454), COEFT{15,90)

DIMENS ION MATOM(101,3), ATOM{101,3)

COMMON 6

CUMMON QOO00OCM(7700)

COMMUN C .

EQUIVALENCE {GL1l), ctl) i, (G(420), C(420))
EQUIVALENCE {ANS{1l), Cl421)), (ANS(454), ci874))
EQUIVALENCE (HSUM, C1424))s (SSUM, Cl4251)
EQUIVALENCE (WTMOL Cl426))y (CPy Cl427))
EQUIVALENCE (DLMPT, Cl428)), (OLMTP, C{429))
EQUIVALENCE {GAMMA , C(430))s (ARATIO, C(431))
EQUIVALENCE {VMACH, C(432))y (SP IMP, C(433))
EQUIVALENCE {VACI, Cil434)), (CF, C(436))
EQUIVALENCE {(RHOI C(437))y (RHOVAC, C(438))
EQUIVALENCE {RHO, C{439))

EQUIVALENCE (T Pl C(440))s (PI I, Cl441))
EQUIVALENCE {EP PI, Cl442))y (AW PI, C(443)}
EQUIVALENCE (T ETA, C(445))

EQUIVALENCE (ETA 1, C(446))y (EP ETA, Cl447))
EQUIVALENCE (AW ETA, C(448)), (T SIG, C(450))
EQUIVALENCE (SIG I, C(451)), (EP SIGy Cl4521))
EQUIVALENCE (AW SIG, C(453))

EQUIVALENCE (ANSLA3 (1), C(875))s (ANSLAB(454), C(1328))
EQUIVALENCE (FORM(1}, C(1329)), (FORM{15), C{1343))
EQUIVALENCE (ELMT(1), Cl1344)), (ELMT(15), C(1358))
EQUIVALENCE (LLMT(1), C{1344)), (LLMTI15), C{(1358))
EQUIVALENCE «DATACL), CU(1359)}), (DATA(23), (C(1381))
EQUIVALENCE (MDATA(1), C(1359)), {(MDATA(23), C(1381))
EQUIVALENCE {ENTL), C{1382)), (ENL(90), Clra71))
EQUIVALENCE {1ISYS, C(1472)), (JEAN, Cl1473))
EQUIVALENCE (AC X, CllaT4)) (ACF, C(1475))
EQUIVALENCE {AMX, C{l476)), {AMF, C{1477))
EQUIVALENCE (RHOX, C{1478)), (RHOF, Cl1479))
EQUIVALENCE (COEFX(1),y C(1480))s (COEFX{20), C(1499))
EQUIVALENCE (DX{(1), C{15000), (DX{20), C{151M))
EQUIVALENCE (FORMLA(1), C€{1520)), (FORMLAL18), C{1537))
EQUIVALENCE {(MMLALL), C(1520)), (MMLA(13), C(1537})
EQUIVALENCE (PROD(1), C(1538)), (PROD(3), C{15401))
EQUIVALENCE (SYSTM(1)s C{1541)), (SYSTM(15), C{1555))
EQUIVALENCE (MTSYS({1), CUL1541)), {(MTSYS(15), C(1555))
EQUIVALENCE (OF C(15506)), (FPCT, C(1557))
EQUIVALENCE {EQRAT, C{1558))

EQUIVALENCE (KODE, C(1559)), {KASE, C{1560))
EQUIVALENCE (KDONT, C(1561}1), (NF, €{1562})
EQUIVALENCE (NO, C(1563)), (NE, C{1564}))
EQUIVALENCE {NOEQ, C{1565)})

EQUIVALENCE (BOX(1), C(L771)) 4 (BOX{15), c(1785))
EQUIVALENCE (BOF(1), C(1786)), (BOF(15), C(1832))
EWUIVALENCE (HX, c{1801)), (HF, C(1832))
EQUIVALENCE {VXPLS, C(1803))y (VXMIN, C{1824}))
EQUIVALENCE (VFPLS, C(1805)), (VFMIN, €(1826))
EQUIVALENCE (EN LNU{1l)y C{1861)), (EN LN(3D), C(195D))
EQUIVALENCE (DEL N(1), C{1951)}), (DEL N(9)J), C(2040))
EQUIVALENCE {HO(1), Cl2041)), (HO(90), €(213)2))
EQUIVALENCE (s(l), C12131)), (S(90), €(22223))
EQUIVALENCE {(X{1}), €(2221)), (X(20), C(2240))
EQUIVALENCE (DELTA(1), C{2241)), (DELTA{2)), C(2260))
EQUIVALENCE (BO(1}), C(2261)), (BO(15), C(2275}))
EQUIVALENCE (PG, C{2276)), (HSUBD, Ce2277))
EQUIVALENCE (SO, C(2278)), (T LN, C(2273}))
EQUIVALENCE (T, C(2280)) , (AAY LN, C(2281)%)
EQUIVALENCE (AAY, C(2282)), (CPSUM, €(2283))
EQUIVALENCE (HC, C(2284)), (TC LN, €(2285))
EQUIVALENCE (DATUM(1), C{2311)}, (DATUM{3), C(2313))
EQUIVALENCE (PC, C(2314)) s (TC, C(23151)

COEFX(20}y D
» COEFT2(15,90)

X{20}

FORM{15)

EN LN(30)
X{20}

E-3745
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110

121

EQUIVALENCE {IPROB,
EQUIVALENCE (IHS,
EWUIVALENCE (ISYM,
EQUIVALENCE (IDID,
EQUIVALENCE {1DRM,
EQUIVALENCE {Ly
EQUIVALENCE (M,
EQUIVALENCE (N,
EQUIVALENCE (1Q1,
EQUIVALENCE (1Q3,
EWUIVALENCE (IMAT,
EQUIVALENCE (1ADD,
EQUIVALENCE (ITAPE,
EQUIVALENCE (IDEBUG,
EQUIVALENCE (All),
EQUIVALENCE (COEFTL(1)
EQUIVALENCE (COEFT2(1)
EQUIVALENCE (COEFT(1),
EQUIVALENCE {ATOM(L1),
EQULIVALENCE {MATOM (1),
EQUIVALENCE {(PCP(1),

C(2316)), (IFIXT, c(2317))
C(2318)}),y (ICOND, Cc(2313))
C(2320)) 4 (IPROD, ci2321))
C{2322))y (LDRUM, c(2323))
€(2323))» (KDRUM, C(2324))
€(2325)), (L1, cl2326})
C(2327)), (ML, cl(2328))
€(2329)), (1Q, C{23301}))
€(23311), (1Q2, C(2332})
C(2333)), (KMAT, C{2334))
C(2335)), (IUSE, €(2335))
C(2336)), (ITNUMB, Ci2337}))
C12338)), (P, €{2339))
C (23400}, (IFROZ, C(2341))

C12342))y (A(1350), C{3691})

» CU(3692))y (COEFTL(1350), C(5041))
y C{5042)!, (COEFT2(1350), C(6391))
C{6392))y ({COEFT(135D0)y C(T7741))

Ct7742)), (ATOM(303), Ci3244))

C{77421)), (MATOM(323), C(BD44))

Ci2286))y (PCPL25), C(23101))

EQUIVALENCE (CONS,JFCONS), {(MTEMP, TEMP)

IARG=1 MEANS TEST ONLY,
MEANS ADD ANOTHER SPECIE

DATA Q00G0OCT/01/

CONS=QO0O0CT

MiM=J

IF (J-35) 2,2,102

IF (J-70) 1ly1.101
BYPASS

K=3

MLM=J-70

GU T 3

K=2

MLM=J-35

6L TO 3

K=1

IF (LARG-2) 445,7
IPROD=2

KLM = 35-MLM

TEMP = PRODIK)

TEMP = ALRS{KLM,TEMP)

IF (BOOL(AND{TEMP,CONS))
IPROD = 1

6u TU 10

KLM = 35 — MLM

TEMP = PROD(K)

TEMP = ALRS(KLM,TEMP)

IF (BOOL(AND(TEMP ,CONS)
DATA QGOICT/0L/

TEMP =OR(TEMP ,Q001CT)
PRODIK) = ALLS(KLM,TEMP)
1F(M-J)11,10,10

193=1Q2

1Q2=1Q1

l=ia

1Q =10-1

GO T0 s

KLM = 35 — MLM

TEMP = PROD(K)

TEMP = ALRS{KLM, TEMP)
DATA Q002CT/0L/

IF {BOOL(AND(TEMP ,0002C
MTEMP =MTEMP-JFCONS
PRODIK) = ALLS(KLM,TEMP)
IF(M-J1121,10,10

1Q = iQi

1Ql=1Q2

1Q2=1Q3

193=1Q3+1

CALL SLITE (4}

RETURN

END

1ARG=2 MEANS ELIMINATE A SPECIES,
S

112410412

1110456410

TI)1110,10+110

IARG=3

47
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SUBRUUTINE CORE2
NEW COMMON

NEW COMMUN

COMMIN /KDS/KOK ¢ JADD I ,MNFR, ICONST,IRAM, IZEIAR,IROU, ICON,

21FREZ

COMMON/KN1/5SUBL1,SUB2,5UB3,YT,NZTYP,
2ITYPL5),CON(20) +EEXP{20) sAK(20)

COMMON /KN2/JEAM, ITIME2 yDARDXyCONVER s APE 4 SAPE s
2SAP 1y SAP E29 INUME +PPT

COMMON /KN3/KONT o 1JUN,SPCPL25) s KAPPASAWT yOLDAWT 4 PCP T
CUMMUN Z/RM1/7COSTHsCD ,CDA,TF 4EATC ,P2 4 T2 yAMOL2 4 V2 ,GAM2,

2PF1ELD +VO,ADAC ,Q1Q0,P3P2
CUMMUN /RM2/PP3P24LVy V43 JRAM

END OF NEW COMMON

DIMENS ION G(20+21), A(15,90), ENLI0)
DIMENS ION DEL N{90G}, HO(90), S(90),

DIMENS ION DELTA{20)s BO(15), PCP{25),
DIMENS IUN COEFX{20), DX(20), FORM(15)

DIMENSION COEFT1(15,90) » COEFT2(15,90)

EN LN(90)
X{20)
PROD(3)

DIMENS ION ELMT(15), DATA{23), DATUM({3), FORMLA(18)
DIMENS ION BOX{(15), BOF (151, ANS{454), SYSTM(15)
DIMENSION LLMT(15),MTSYS{15) MDATA(23)

DIMENS ION ANSLAB(454), COEFT(15,90)

DIMENS ION MATOM{101,3), ATOM(101.3)

DIMENSION MX(20),MCOEFT{15,90)

LIMENS ION MFORM{15)

REAL LRS

REAL LLS

CUMMUN 6

COMMON QO00CM(7700)

COMMUN C

EQUIVALENCE (G(1), Cl1)), (G(420), C(420))
EQUIVALENCE (ANS{1), C(421)), (ANS(454), C(874))
EQUIVALENCE (HSUM, Ci424)) s  (SSUM, C{425))
EQUIVALENCE {WTMOL, Cl426)), (CP,y C(421))
EQUIVALENCE {DLMPT, C(428)), (DLMTP, Cl429))
EQUIVALENCE {GAMMA , C{430))s (ARATIO, Cl431))
EQUIVALENCE (VMACH, C(432)), (SP IMP, €(433))
EQUIVALENCE (VACI, Cl434)), (CF, C(436))
EQUIVALENCE {RHOI Cl437)) s (RHOVAC, C(438))
EQUIVALENCE {RHO, C(4390)

EQUIVALENCE (T PI, Cl440)), (PI I, c{441))
EQUIVALENCE (EP PI, C(442))y (AW PI, Cl443))
EQUIVALENCE (T ETA, C(445))

EQUIVALENCE (ETA I, Cl4406))y (EP ETA, Cl4at1))
EQUIVALENCE {AW ETA, C(448))y (T SIG, C(450))
EQUIVALENCE {SIG I, Ci451)), (EP SIG, C(a45211)
EQUIVALENCE (AW SIG, C(453))

EQUIVALENCE (ANSLAB (1), C(875)), (ANSLAB{454), C{1328))
EQUIVALENCE (FORM{L1), C(1329)), (FORM{15}, C(1343))
EQUIVALENCE {MFORM(1), CI1329)}), (MFORM{15), C{1343))}
EQUIVALENCE {ELMT(1), C{1344)), (ELMT(15), C{1358))
EQUIVALENCE (LLMT(1), C(1344)), (LLMT(15), C(1358})
EQUIVALENCE {DATA(1), C(1359)), (DATA{(23)}, C{(1381))
EQUIVALENCE {MDATA({1)y C(1359)), (MDATA{23), C(1381))
EQUIVALENCE (ENLL), 2(1382)), (EN(90), C{1471)})
EQUIVALENCE (ISYS, C{1472)1}, (JEAN, Cl1473))
EQUIVALENCE (ACX, C(l474)), (ACF, C(1475))
EQUIVALENCE {AMX, C(1l476)) , {AMF cl1477))
EQUIVALENCE (RHOX, CL1478)), {RHOF, C(1479))
EQUIVALENCE {COEFX{1), C{l480) ), (COEFX(20)s C{1499))
EQUIVALENCE {(DX{1), C(1500})), (DX(20), c(15191)
EQUIVALENCE (FORMLA(L1}, C(1520)), (FORMLALL1B), C(1537))
EQUIVALENCE (MMLAL(L), C(1520)), (MMLA{(13), C{1537))
EQUIVALENCE {SYSTM(1)s C{1541)), (SYSTM(15), C(15551}))
EQUIVALENCE {(MTSYS(1)}y C{1541)), (MTSYS{15), C{1555))
EQUIVALENCE (OF o C{1556)) {FPCT, C{1557))
EQUIVALENCE {EQRAT, c(1558)

EQUIVALENCE ({KODE, CE1559)), (KASE, C{1560))



EQUIVALENCE(NF,C(1562))

EQUIVALENCE (NG, C(1563)), (NE, Cl{1564))
EQUIVALENCE (NOEQ, C(1565)])

EQUIVALENCE {BOX{1), C{1771)) » (BOX(15), €(1785}))
EQUIVALENCE (BOF(1l), C(1786)), (BOF(15), c(1832))
EQUIVALENCE (HXs C{1801)) s (HF, c(18221)
EQUIVALENCE (VXPLS» €{(1803)), (VXMIN, C(1834))
EQUIVALENCE (VFPLS, C(1805)), (VFMIN, €(18061)

EQUIVALENCE (EN LN(1), C(1861)), (EN LN(32), C(1950))
EQUIVALENCE (DEL N(1l), C(1951)), (DEL N(93)}, C(2040))

EQUIVALENCE (HO{1), C(2041)), {(HOL(90), €{21301)
EQUIVALENCE {(S(l), Ci2131)), (S(90}, €{2220))
EQUIVALENCE (MX{1), €{2221)), (MX{20), C(2240))

EQUIVALENCE {X(1), c{2221)), (X120}, Cl2240))
EQUIVALENCE (DELTA(Ll), C(2241)), (DELTA{20)}, Cl(2262))
EQUIVALENCE (BO(1), C(2261)), (BOLL5), €(2275})
EQUIVALENCE (PO, €(2276))y (HSUBD, C(2277))
EQUIVALENCE (S0, C(22781) s (T LNy c{221911
EQUIVALENCE (T, C(2280)), (AAY LN, c(2281))
EQUIVALENCE (AAY, c{2282)), (CPSUM, ci2283)}
EQUIVALENCE (HC » C(2284)) s (TC LN, €{2285}))
EQUIVALENCE (PCP(1}, C(2286)), (PCP{25), €(231)))
EQUIVALENCE (DATUM(1), C{2311)), (DATUM(3), C(2313))
EQUIVALENCE (PCy C(2314)) s (TC, C(231511
EQUIVALENCE (IPROB, Ci2316)), (IFIXT, Ci{2317))
EQUIVALENCE (IHS, £(2318)), (ICOND, €(2313))
EQUIVALENCE {ISYM, €(2320)) , (IPROD, c(2321))
EQUIVALENCE (1D1D, €(2322)), (LDRUM, c{23231)
EWQUIVALENCE { IDRM, C(2323)), (KDRUM, CL2324))
EQUIVALENCE {Ly €{2325})), (L1, Cl2326))
EQUIVALENCE (M, C(2327)), (M1, €{2328))
EQUIVALENCE (N, ci2329)), (IQ, C(2330})
EQUIVALENCE (1Ql, C(2331)), (IQ2, C{2332))
EQUIVALENCE {1Q3, C(2333)), (KMAT, C(2334))
EQUIVALENCE {IMAT, C{2335)), (IUSE, C(2335))
EQUIVALENCE {1ADD, C{2336)) s (ITNUMB, ci2337))
EQUIVALENCE (ITAPE, c(2338)), (P, €(2339))
EQUIVALENCE ({IDEBUG, €12340)), (IFROZ, C{2341))

?’
EQUIVALENCE (A(1l), C(2342)), (A(1350), Cl(3691))
EQUIVALENCE (COEFT1(1), C(3692)), (COEFTL(1350), C{5041))
EQUIVALENCE (COEFT2(1), C(5042)), (COEFT2(1350), C(6391))
EQUIVALENCE (MCOEFT(1), C(6392)), (MCOEFT{L1350), C(7741))
EQUIVALENCE (COEFT(1}, C(6392)), (COEFT(1350)}, C(7741))
EQUIVALENCE {ATOM(1), CU(T7742)), (ATOM(303}, C(3244))
EQUIVALENCE (MATOM{1), C(7742)), (MATOMI{303), C(8044))
EQUIVALENCE (KORE,s C(8047))

EQUIVALENCE (DLNT,LNT)o({SUM MSUM) 4 (BLKsMBLK) (TMP,MTMP) ,(MT, BMT)
EQUIVALENCE {PROD(1), C{1538)), (PROD(3)}, C(1542))
COMMUNZAP EL2/HCC 4PCL 9S00 9 ZN29 ZN3 ,SAV(3) ,SAVLL3)

DATA Q000CT/0606060606060/
BMT =QQQ0CT

DATA Q001CT/027/

GAS =Q001CT

DATA QQ02CT/060/

BLK =4002CT

JRAM=1

REWIND 3

NO EQ=C

ITEST=M1

SIZE=18.5
555 1F (IPRDB-3) 557,563+565
557 CUNTINUE

PO=PC

IF (TC) 559,559,561
559 TC LN= 8.25

G0 TO 431
561 TCLN=ALOGLTYC}

G0 TQ 431
563 PO=PC

GD TO 431
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565

431
1565
1432

432

433

434

435

436
437

438
439

441
445
447
455

459
460

465
469
4706
473

i3

25

1125

27
29
31

37

38

39

T=TC
P0=0.0
TLN=ALOGIT]

START CALCULATIUN FOR NEW OVERALL COMPOSITION

1ADD=1

IF (1FROZ) 1565,379,1432
IF (IUSE) 1432,1432,433
DO 432 K=14N

EN(K)=0.0

EN LNEK)=0.0

DEL N{K)=0.0

AAY LN=5.0

CALL SLITE (0)

IF (IPROB—2) 435,445,434
IF (IPRUB—4) 455,465,379

IF (LADD-1) 379,436,441
CALL SLITE (1)
T LN=TC LN
CORE2
ITROT=3
IF (PCPLIADD))} 231+231,439

CALL SLITE (4)

PO=PC/7PCP (IADD)

GU TO 13

IF (1ADD-25) 438,438,231
IF (1ADD-1) 379,447,441
CALL SLITE (23

GO TO 437

IF (1ADD-25) 459,459,231
IF (PCP{I1ADD)) 2314231,460
T=PCP( IADD)

TLN= ALGG(T)

GO TI 473

IF (IADD-25) 469+469,231
IF (PCP(IADD}) 231,231+470
PO=PCP(IADD)

CALL SLITE (2)

CALL SLITE (4)

BEGIN CALCULATIONS FOR CURRENT POINT
PU LN=ALJG(PO)
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

IF (IPRUB—-2) 17417419
T=EXPIT LN)
IF (COEFT{T,1)-T) 21,27,27
IF (COEFT(7,1)-5000,0) 23,31,231
DU 1123 K=1s15
DO 1123 J = 1,90
CUEFT(K,J)=COEFTL1(K,J)
CALL SLITE (4}
G0 TO 19
DO 1125 K = 1,15
00 1125 J = 1,90
COEFT(KyJ )=CUEFT2(K,J)
CALL SLITE (4)
GO TO 19
IF (T-COEFTL6,1)) 29,37,37
IF {300.0-COEFT(6,1)) 25431,231
CALL SLITET{4,K000FX)
GO TO{38,305) +K0O00OF X

eL IMINATE THUSE SPECIES WHICH DO NOT HAVE DATA IN THIS INTERVAL

CALL SLITET{4,KO00FX)

GO TO(38,142)+K000FX
CALL SLITE (4}

DD 40 J=14N

IF (COEFT{8,J1)) 40+39,40
CALL BYPASS (J,2)
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EN LN(J)=0.0
EN(J)=0.0
40 CONTINUE

BEGIN ITERATION FOR COMPOSITION

42 Id=1Q

iQ1=1Q1

1Q2=1Q2

1Q3=1Q3

ITNUMB =30
43 DO 48 J=1,M

CALL BYPASS (J,1)

IF (IPROD-2) 48,45,48
45 IF (EN LN{JI+SIZE-PO LN) 46,46 ,47
46 EN(J)=0.0

GU TO 48
47 EN(JI=EXPL{EN LNUJ)}
48 CONTINUE

IF (IPRUOB—2) 49,49,51
49 T=EXP{T LN)
51 AAY=EXP{AAY LN)

CALCULATE HEAT CAPACITY, ENTHALPY AND ENTRODPY

IFIXT=3
CALL SLITET{2,KO00FX)
LD TO(52,455)K000F X
52 CALL SLITE (2)
CALL SLITET{4,K000FX)
60 TO(53,55),KC000F X
53 CALL SLITE (4)
AFIXT=1
IF (ITNUMB—30) 55454,55
54 IFIXT=2
55 CPSUM=0.0
DU oU J=1,sN
CALL BYPASS (J,1)
IF {LPRUOD-2) 60,56+60
56 IF (IFIXT-2) 59,58457
57 CPSUM=CPSUM+{ (({CUEFT{12,J)*T+COEFT(11,+J))*T+COEFT(10+J})*T+COEFTI
19933 )*¥T+COEFT(84J) J*EN(J)
58 HO(JI=({[(CUOEFT(12,J)/5.0)*T+COEFT(LLl4J)/%.0)*T+COEFT(10,J)/3.0)%T
L+CUEFT(9,J )/ 2.0)%T +LOEFTU13,J) /T+COEFT(B,J)
59 S(JI=C({(COEFT(12,J)/4.0 )*T+COEFT{(11,J)}/3.0)*T+COEFT{10,J)/2.0)%T
LYCUEFT(99sJ))*THCOEFT(8,J)*T LN+COEFT(145J)-EN LN{J)
60 CUNTINUE

CONSTRUCT MATRIX AND SOLVE THE EQUATIONS

CALL MATRIX
CALL SLITET(4,KO00FX)
GU TO(61,171),K000FX
61 CALL SLITE (4)
CALL GAUSS
IF (IDEBUG) 910,80,910
910 DU 911 I=1,IMAT
911 WRITE (6,9120{GLIK)yK=1,KMAT) ,DELTA(I)
WRITE (6,912){X{1}yI=1,1MAT)

80 IF (1DID-IMAT) 81,85,81
81 IF (SIZE~-18.5) 83,83,311
83 SILE=27.5
GU TO 43
85 ITNUMB=ITNUMB-1
DO 87 K=1l,IMAT
IF (ABS{DELTA(K))-0.5E-4) 87,87,315
87 CUNTINUE

UBTAIN CORRECTIONS TO THE ESTIMATES

0 LN T=X{1Q2)

51



52

91
93
95
96
91

99
101

iu3
104

105

106
107
109
5ul

913
915

916

1915
i917

917

i10
1110
920
921

111
113

115

117
121

122
1122

123

[a X sX p}

124
125
1124

2145
1126
126

127
128

IF (IFIXT-2) 93,954379

D LN T=0.0

DL 101 J=1.M

CALL BYPASS (J,1}

IF (IPROD-2) 96497596

OEL N{J)=0.0

GU TU 101

DEL N{JI=HO(J)I*D LN T-HO(J)+5(J)
D0 99 K=1slL

DEL NUJ)=DEL N{JI+ALK,J)*X(K)
CUNTINUE

IF (L-1Q) 103,109,109

J=M1

00 107 K=L1+1Q

CALL BYPASS (J.1)

IF (1PROD—-2) 10541664105

DEL N(J)=0.0

J=d+l

G0 10 104

DEL N{J)=X(K)

J=J+l

CONTINUE

AMBDA=1.0

AMBUALl=1.0

1F (IABS{LNT)-IABS(MX(IQLl})) 501,913,913
SuMm = ABSIXUIQ1)M)

Gu YO 915

SUM=ABSID LN T}

DO 917 J=1.M

IF (EN(J)) 917,1915,916
SUM=AMAXL{DELNU(J ) ,SUM)

GO TO 517

IF (EN LN{J)Y) S17,917,1917

SUM1=ABS( (PO LN-9.212-EN LN(J}}/DEL N(J)})
AMBDAL=AMIN1{(SUMl,ANBDAL)

CUNTINUE

IF {SUM-2.0) 1110,1110.,110

AMBDA=2.0/5UM

AMBDA=AMIN1{AMBDA ,AMBDAL)

IF (IDEBUG) 921,111,921

WRITE (69923)T,PsAAY, AMBDA, ((COEFT(K,sJd) K=1,3),
INCA) S DEL NLJ)HOUJD 9S50J) 9J=1.N)

APPLY CORRECTIONS TO THE ESTIMATES

DO 113 J=1.M
EN LNUJ)=EN LN(J)+AMBDA®*DEL N(J)
IF {1COND-2) 115,121,375

DU 117 J=M1,N
ENCJ I=EN( JI+AMBUA*DEL N(J)
T LN=T LN +AMBDA*D LN T
AAY LN=AAY LN- AMBDA*X(IQl)
CALL SSATCHI 6,KOQ0F X}

GU TO(122+124)+K00CFX

IF (IDEBUG) 1122,123,1122
IDEBUG=0

GO TO 231

IDEBUG=1

TEST FOR CONVERGENCE OF ITERATION

IF (ITNUMB) 125,132,125

IF (AMBDA-1.0) 43411244231
P3u.U

DO 1126 J=1,M

IF (EN LN(J)) 2125,+1126,2125
P=P+EXP{EN LN{J))}

CUNTINUE

IF (ABS{(PO-P)/PO)-0.5E-5) 1264126,43
SUM=P

IF(ICOND-2)127,129,375

DO 148 J=MlsN
SUM=SUM+ABS({ENI(JI )

EN(J), EN L
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129 D0 130 J=1,N
IF (J-M) 1129,1129,1138
1129 IF (ABSLEN{JI*DEL N{J)/SUM)-0.5E-5) 130,130,43
1130 IF (ABSIDEL N(J)/SUM)-0.5E-5) 130,130,43 N
130 CUNTINUE
132 CALL SLITET{4,KO00FX)
GU TO(133,133),K000FX
133 60 TO 13

EL IMINATE THOSE SPECIES WITH NO OATA AT THIS TEMPERATJRE, ADD
THUSE WITH DATA AT THIS TEMPERATURE

142 DO 170 J=1,N
 IF (MCUEFT{1,J)-MT} 170,500,170

500 IF (COEFT(S5,J) + 100.0-T) 285,143,143
143 IF (T-COLFT(4,J)1+100.0) 295,144,144
285 IF (5000.0-COEFT{5,J)) l44,14%,301
295 AF {COEFT(49J)~300.0) Ll44sl44,30L
144 IF (J=~M) 145,145,146
145 CALL BYPASS (J,3)

G0 TU 170
304 CALL BYPASS (J,2)

EN(J)=0.0

EN LN{J)=0.0

DEL N(J)=0.0

GU TO 170
146 IF (EN{J)) 147,148,170

147 EN{J) =C.0
DEL N(J)=0.0
CALL BYPASS (J,2)
6l TO 42

SK1P CONDENSATIUN CHECK IF T IS HIGHER THAN MELTING POINT WHEN
TESTING SULIDy UR LUWER THAN MELTING POINT WHEN TESTING LIQUID

148 IF (COEFT(49J)—COEFT(54J-1}) 150+149,150
149 IF (COEFT(4sJ)-T) 153,153,170
150 IF (CUEFT(5,J)-COEFT(4,J+1)) 153,151,153
151 AF (T-COEFT{5,d)) 153,153,170

CHECK FOR CONDENSATIOUN

IF MURE THAN UNE CONDENSED PHASE UOF ANY SPECIES CAN EXIST THE
PHASE STABLE AT THE HIGHER TEMPERATURE MUST PRECEED THAT STABLE AT.
THE LOWER TEMPERATURE ON MASTER TAPE

153 00 155 K=2,43
SUM=COEFT (K, J}
D 154 I=1,06
TMP =AAKS{ 30, SUM)
SUM=AALS(6,5UM)
IF(MTMP~MBLK) 154,156,154
154 CUNTINUE
155 CONTINUE
K=3
1=5
Gu TO 159
150 I=i~¢
IF (1) 157,158,159
157 K=2
I=5
GO TO 159
158 K=2
i=6
159 FURMI 2)=COEFT(2,4)
FURM( 3 )=COEFT(3,J4)
I=6%{
JJ=42-1
I=1
JJd=dd
SUM = FURMIK)
SUM =AARS(JJsSUM)
MJJd=dJ—6
TMLJ = FURM(K)
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(2N gl 9!

1160
l6u

162

lo3

l64

170

1179

1172
974

171
1171

8l
183
1183

172

174
1174
175

1175

176

180

TMLY =ALKS(MJJ,THMLY)

MJJ=36—1

SUML=ALLS(MJJ,GAS)

TEMP=ALRS{JJ,SUML}

MJJ=42-1

FURMIK J=ALLS(MJJ,SUM)

DU 160 K=1,M

IF (MFORM{2)-MCOEFT(29K)) 160,1160,160
LF (MFORM(3)-MCOEFT(3,K)) 160,162,160
CUNTINUE

CALL BYPASS (J,3)
GU TO 170

CALL BYPASS {(K,1)

I+ (IPROL-2) 170,163,170

HOLJI={({(COEFT(12,J)/5.0)%T+COEFT(11+J)/4.0)*¥T+COEFT(10,J)/3.0)%T

L+CUEFTU99J1/2.0)%T +COCFTU134J) /THCOEFT(8,J)

S{JI=L ({(CUEFT(12534)/4.0 1 *T+CUEFTI{L11l,J)/3.0)%T+COEFT(10,J)/2.0)%*T

L+COEFTIG, J)I*T+COEFT(8,J)%T IN+COEFT (14,4}
IF (AOGJI-SEJ)-HO(K)I+S5(K)} 1644+164,170
CALL BYPASS (J1+3)

EN(J)=0.0
G0 TU 42
CUNTINUE

IF CUMPOSITION HAS BEEN CORRECTLY DETERMINED CALCULATE THE
EQUILIBRIUM PROPLERTIES, OTHERMWISE CONTINUE ITERATION

CALL SLITET{44KO0UFX)

GU TOL1170,1172) +KOOGFX
CALL SLITE (4)

60 TO 42

IF (ITNUMB) 42,971+42
WRITE (65S73)11A0D

GU TO 42

CALCULATE EQUILIBRIUM PROPERTIES

DO 1171 I = 1,454

ANS(L) = ANSLAB(I)

WTMOL =AAY /P
HSUM=GL1QZ,IQL)*T/AAY
SSUM=0.0

DU 183 J=1sN

CALL BYPASS (J:.1)

IF (1PROL-2) 183,181,183
SSUM=SSUM+S(J)*EN(J)}
CUNTINUE

SSUM=SSUM /AAY

IMAT=IMAT-1

CALL GAUSS

IF (LDID-IMAT) 172,174,172
CPR=CPSUM/AAY
GAMMA=CPR/(CPR-(1.0/WTMUL})
DLMTP=C.0

UDLMPT=0C.0

GU TO 185

DLMTP=X({IQ1}

I+ (ABS(OLMTP)-27.5) 117441174,172
CPR=LI{ IQ2, 1Q2)

DU 175 J=1,1Q1
CPR=CPR-GLIQZ,JI*X1J}
CPR=CPR/AAY

IMAT=IMAT-1

CALL GAUSS

OLMPT=C.0

DU 179 J=1,L

OLMPT=DLMPT+G(IQ1,J4)*X(J)

ULMPT={P-DLMPT)/DLMPT

IF (DLMPT-27.5) 1804180,172

GAMMA=1.0/{ 1. 0+DLMPT-({1.0-DLMTP)*%2) /(CPR*WTMOL))
IF (GAMMA) 172,172,185



145 IF (IPROB-2) 186,186,207

186 IF (1ADD-2) 1874191,197

L87 WTMULC=WTMUL
Tc=1
PC=P
HC=HSUM
S0=35S5UM
PCC
HCC
Suo
LN2=W TMOL
IPRUB S=1PRUB
IF{IRAM.EV.0)G0 TO 188
IF(JRAMLEQ.0)GO TO 11188
IPROB=1
CALL CuMB
GO TO 433

11188 IPRUB=IPRUB S

188 T PL=—DLMTP/(WTMOL¥CPR)
TEMi=V4/32.2
T ETA=1000.0/(CPR*TC*]1.98726)
IN3=TETA
T SIG=—{1.0-DLMTP)/(WTMOL*CPR)
IF{KOK) 4101,207,4101

4101 AWT={ 86.4579%T)/{AAY¥]14,696006%TEM 1)

nwonn
I
(g

6U TO 207
C
4 CHELK FUR CUNVERGENCE AT THROAT
C

191 IF(KUK.NE.O)GD TU 197
4U02 DHSTAR=(HC-HSUM#V4Rk¥2/1,TI9223E05)¥(CV**2
2~GAMMA¥*T/ (2. (¥ WTMUL )

IF (ABSIOHSTAR/{HC+V4%%2/]14 79223E+05-HSUM) )-0.4E-04) 197,197,192

192 IFCITRUT) 19341974193

193 PCPL2)=PLPL2)/ L1 .0+2. U*DHSTAR®NTMOL/ (T*{GAMMA+1.0)))
PU=PC/PCP ({ADD)}
ITRUT=ITROT-1
IF (IDEBUG) 929,194,929

929 WRITE {6492330HSTARYHC ¢yHSUMSPCPIIADD)

194 GALL SLITE (4)

LU TU 13
C
C LCALLULATE PERFORMANCE PARAMETERS
C

197 CUNTINLUE
1977 SP IRP = SQRT(172.9178%¥ (HC—HSUMI+V4%%¥2%9,644T E-4)
2%CV
RHUI=RFO* SP IMP
SUM=T/ 2. C*¥{ HL—HSUM})
Pl 1=SUME(WTMOL-WIMOLC )/ (WwTMOL*WTMOLC)
ETA L=SUMS{T(-T)I/LTC*T*1.98726)*%1000.0

SSSM =T/UZ2.0%{HC — HSUM +V4%+2%5,57965E-6) )
316 I = SSSM/WTMOL
T PI={ ({WTMOLC~WTMOL) /WTMOLC)-DLMTP) / (WTMOL*CPR)
T ETA=1U0GC.0/{CPRETC*1.98726)
T 516==(1.U-DLMTP)/(WTMOL*CPR)
AW={86.45T9%T) /LAAY*14.6960U6%SP IMP)
AW Pl== ({1eU-DLMTP}/{WTMOLC*CPR)+1.0/GAMMARPL 1)
AW ETA=T ETA*{1.0-DLMTP)-ETA I
AW SIG=1.0/GAMMA-SIG |
LECIADD=2) £03,2201,203

2¢01 LFIKUK) 22024201,2202

201 AWT=AW
PCP T=PCP (2}

2202  LSTAR=32.174%PC*14.696006%ANT
CSTRPI=1.0+AW P1
STR ETAa=Aw tTA
STR 3I6=u.0
AWT Pi=AW PI
AWT ETA=AW ETA
AWT SIG=AW SIG

203 LFLLIRAM.EQ.0)GO TO 22203

SPNET 1.0 OF *= SPIMP 86e4% 1.0U—PFIELD/P *T/ SPIMP¥WTMOUL

~-VO*0
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iF* 1.U (DA /32.2
CF=64,4%SPNET*AUVAL*Q1QO/ ( VU*UF)
Gu TU 11«03

2203 CUNTINLE
11203 CUNTINUE

eud

[aN ol o}

L9
clil
213
P
el

<18
15

zlu

(gl g n

1221

P24

20V

20001

210G

21004

ARATIO=AW/ART

VACI=SP IMP+P¥14.6960006%ANW
IFCARAMAEQ.LIVACI=86.4%{1.0+0F ) *PF I ELD*T/
2{P*ATMGL* SP IMP ) +SPNET

LIFUIRAMEQ VICF=32.474%VACI/CSTAR
RHUVAL =RHO¥*VAL L

VMACH=SP IMP/SQRT(86.457T9%6AMMA*T/WTMOL)
EP Pli=AW PI~-ANWT PI

EP ETA=AW ETA-AWT ETA

EP SlG=AW SIG-AWT Sl

SAV=AWT P11

SAVE<) =AnT ETA

SAVI3)=ANT SIG

HSUM=H SUM*1.98726

SSUM=SSUM*1.98726

LP=CPR*1.98726

UBTAIN CUMPOSITIUN IN MOULE FRACTIONS

SUM=P

AE (LCOND=2) 2(09:213,375
OU 214 J=MI,N
SUM=S5UM+ENLY)

DU 215 J=1,N

ANS{ 4% J#34)=EN(JI/SUM

IF (LPRUB—2) 2£174217,220
ANS{1)=PCP(I1ADD)

IF C1ADD-2) 2204219,219
ANS{15)=CSTAR

ANSL24)=CSTRPI
AND(£9)=STR ETA

ANS{34)=5TR Si6

ANS(2) =P

ANS(3) =T

IF  IRAM .EQ. 1 SPIMP = SPNET
K=34+4%N

PRINT UUT THE CALCULATED ANSWERS

IF (1DEBUG) 1221422241221

WRITE (69221 )0(ANSLL) 1=14K)

U TU 2223

IFIMNFR.EQ.L)GU TO 11237
WRITE(3){ANSCI)}yI=1,454)
LE{{RUKEU0J AND o ([ADD EQ. 2} ) PPT=P
IFIMNFR.£Q.0)6u TU 2000

LEC(MNFR LT 0) dANDS LIFREZCEQeTADD})IGO TU 11237
LF{MNFR.EW.~1)6GU TU 2000

IF(CUNVER «EQ21.0)GU TO 2000
AF(IAULLEWKONTIGU TO 20000

6u Tu zuul

IFLIIN NELLIGU TO 20004

KUNT=KUNT+1

1dn=1

CALL ALEU

iF{CUNVER «EQ.1.0160 TO 21000
PCPLLALD+1)=5APE

GU Tu 2000

NOEW=NUEQ-1

1AVD=1AUL—-1

BALKSPACE 3

LU 21001 I=KUNT,JADDI

IF (SAPE «GT. SPLP (1)) GO TO 21002
PCP (1) = SAPE

IFREL = 1
JALLI = JADDI + 1
60 Tu <uug

PLPLL)=5PCPL 1)



21001 CUNTiINUE
c THIS SHOULD NEVER HAPPEN
2000 NOEW=NUEQ+1
2223 IF((ROKNEL.O).AND.(IADD.EW.1))GU TO 1223
LF(IADD-2)2234225,225
<23 LFCIPRUB-20224,122441223
24 IFEIFRUL)I12239122441224
1224 PLP () =l (GAMMA+1.0)/2.0)%* {GAMMA/(GAMMA—1.0})
TLN=TLN+ALUGI{Z2.0/{GAMMA+1.0))
1223 DU 1225 I=14454
1<25 ANSLABLI)=ANSLI)
225 IADD=IADD+1
60 TU 433
C
231 LIF (NO EG) 378,378,1231
1231 IF (LFROZ) 232,379,235
23¢ IF (IALD-2) 378,233,378

233 IF (IDEBUG) 378,234,378
234 CUNTINUE
235 IF (IPRUB=~2) 237,237,239
237 LF(MMFR.EQ.0)60 TO 239
11237 CALL CURE3
RETURN
239 WRITE (3)(GLLs1), 1=1,8044)
LALL CORES
RETURN

(9
C ERRUR PRINT 0UT
C

305 WRITk (64306)T,1AUD
IF (60CU.L-T) 309,307,307
3u? IF {(T-200.0) 1309,308,30u8
3u8 GU TO 142
L3us IF (1AUD-1) 309,131GC,309
1310 IF (lPRUOB-Z) 1311,309,309
13211 IF (ATEST-N) 1312,1312,309
4312 DU 1313 J=ITEST,N
CALL BYPASSIJ,1)
IF (1PROV—-Z) 1315,1313,1313
1313 CUNTINUE
Gu TU 3409
1315 ITEST=u+l
CALL BYPASS(J,3)
LU TU 555
309 1ALD=2¢
LALL SLITET{ 4,KUUUFX)
U TO{42,42),KUUOFX
314 wWRITE (65 312)IMAT,IVID
6U TO 375
215 WRITE (64316)
375 AF (IVDEBUG) 231,377,231
371 iveEBUG=1
IF (IPROB—-3) 1377,555,555
1377 PL=P(*14.696006
GU Tu 555
378 WRITE (3)(GlIs1)y1=1,B044)
BALKSPACE 3
RETURN
379 REWIND 4
Stup
S12 FURMAT (Btl4.6)
923 FORMAT (4E25.8/(1X43A6,45E15.6))
673 FURMAT (7CHL30 ITERATIUNS DID NOT SATISFY CONVERGENCE REQUIREMENTS
1 FUR THE PUINT [5)
4001 FURMAT(1HO» L 4HCOMB. IMPULSE=62048/1Xs15HCUMB. MACH ND.=G20.8)
<21 FURMAT (iH /7//5620.8/5E20e 8/5E20Ue8/4E20e8/5E2068/5E208/5E20.8///
L (3(TX43A6,F8.5)) )
306 FURMAT [L17HLTHE TEMPERATURE=ELZ2.4+34H Ky IS UUT OF RANGE FOR THE P
LWINT 15)
212 FURMAT (/15HLTRIED TU SOLVE 13,22H EQUATIUNS, ELIMINATED I3)
316 FURMAT (/47HIRESIDUALS FRUM SUBRUUTINE GAUSS EXCEED 0.5E—4%})
ENU
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SUBRUUTINE CUMP

QUTPUTS CUMPOSITIUN

DIMEN S JON TITLE(3,105) , [1OMIT(105) » KLESS(105)
DIMENSION AMOL(13,90)

DIMENSIUN FMT(4) sTEM{4)

DIMENSION MTITLE (3,105)

CUMMUN  C

CUMMUN QUUOCM(T70L0}

CUMMUN C

EQUIVALENCE (AMOL(1), C(9268)), (AMOLI1170), C(10437))
EQUIVALENCE (NANA, C{1768)), (IN, C(8046})

EQUIVALENCE (ME, C(1769)), (N, C(2329))

EQUIVALENCE  (TITLE(L), C(8055) ), (TITLE(315), C(8369))
EQUIVALENCE  (MTITLE(L), C(8055)), (MTITLE(315), C{8369))
EQUIVALENCE (OMITMOMIT)

1 FURMAT (1X32A642Xy13F9.5)

3 FUKMAT (3Hu, 118HADDITIUNAL PRUDUCTS WHICH WERE COUNSIDERED BUT W
1HUSE MOLE FRACTIUNS WERE LESS THAN 0.000005 FUR ALL ASSIGNED CONDI
2TIONS/ /)

4 FURMAT (1HU, 59HPRODUCTS WHICH WERE INTENTIONALLY OMITTED FROM
1LALCULATIUNS//)

DATA WLLOCT/D464431636060/
OMIT=QCUOCT
VATA QCO0LCT/0606007677302/
TEM{L)=QuOLCT
DATA QLD2CT/0600306677302/
TEM(23=QU02CT
DATA WC03CT/06006046773027
TEMU3)=Qu03C T
DATA QLU4CT/0601102677302/
TEML4)=QU04CT
DATA QCUDCT/07401302073607
FMT(1)=QU05CT
VATA QLL6CT/U2106673261033/
FMTUI3)=Qu06C T
DATA QLOTCT/0534606060607
FMTL4)=QUCTCT
K=0
KK=4
10M=0
ILE=0
IF(ME-1)61,60,61
61 WRITE (6y44)
oL 1I=0
DU 9 I=I,N
IF (MTITLE(L,1)~MOMIT) 164100410
106 I0M=i0M+1
IUMIT(IOM) =1
Gu T0 S
1u DU 11 J=1,IN
IFLAMOLL o E) =2 5E=05)11,12,12

41 CUNTINLE
ILE=ILE+]
ILESSLILE)=1
GU Tu S
le IF(NE=1051450,451
50 WRITE (601)TITLELZ2,1) 4TITLE(3,1) +(AMOLIJIv1)9dd=141IN)
Gu T0 ¢
51 Il=11¢1
IF(II-KK) 200,200,201
20U K=K+
G0 10 5
<ul K=1
KR=KK +4
ARITE (6444)
44 FURMAT (1H )
5 FMT(2)=TEM(K)
WRITE (6 FMT)ITLITLE(Z2,1),TITLE(3,1) ,AMOLL1,1}
9 CUNTINLE
1FLLLE) 21,20,21
2i WRITE (6,44)
WRITE (0643)
LALL ONCE (ILE,ILESS(1}))
20 IF(1UM) 31,30,31
31 WRITE (6,44)
WRITE 16,4)
CALL ONCE {I10M,IOMIT(1))
30 RETURN
END



[xE o o N ol

2u
21

[ -

10

SUBRUUTINE UNCE (iNyM)

UUTPUTS UDD PRUDUCTS

DIMENS ION MU L1050, TITLE(3,105) LTEM{LU) sFMT(3)

CUMMUN  C

LUMMUN QUGLCMIETTUG)

CUMMUN C

EUUIVALENCE CTITLE(L), C{80551),

WRITE (6,1)

UATA QGOUCT/07401302073060/
FMT(1)=Q0¢00CT

VATA QC01CT/0210634606G60/
FMTL3)=Q001CT

UATA QCU2CT/060€001677302/
TEML1)=Q0020T

DATA QLO3CT/06U0104677302/
TEM(2)=4G03CT

DATA QOL4CT/0600207677302/7
TEME3)=QLU4CT

DATA QCULCT/U6GLLC06TTI02/
TEM(4)=0ULC5CT

DATA WCL06CT/060L0503677302/
TEM(D)=wLoe6LT

UATA QOCU7LT/060060C6677302/7
TeM(6)=QUGTICT

VATA QCLECT/0600711677302/
TEMET)=QuisCT

UATA QLO9CT/060L10uec677302/
TEMIB)=QUCSLT

DATA WCluCT/010005677302/
TeMl9I=QuloCT

DATA QGL1CT/01011U677302/
TEMO L0 I=QUilCT

K=u

KK=10

DU iu I=1sN

J=MUl)

LFLI-KK) 20,20421

K=K+l

o TUu 5

K=1

KK=KK+ 10

WR1TE {6,1)

FURMAT (1H }

FMTLZ2)=TEMIN)

WRITE (6 FMTITITLEL(Z2,J)sTITLE(3,d)
CONTINUE

RETURN

END

SUBKUUTINE SEARCH

DIMENS ION 6{20,211), A(15,90), ENL90)
VIMENS TUN DEL N(9U)y HO(90) s ${901},
DIMENS iON UELTAL20)s BOLLS), PCP(25),
DIMENS IUN CUEFX(2G), DX{20), FORM({15)
UIMENSIUN CUEFT1(15490) » CUEFT2(15,90)
VIMENS IUN ELMT(15), DATA(23), DATUM(3),
LDIMENS IUN BOX{15), BOF (15}, ANS{454),
DIMENS IUN LLMT(15)MTSYS(15) yMDATA(23)

DIMeNS lun ANSLAB(454), COEFT(15,90)
UVIMENS TUuN MATUM(101,3), ATUME1U1,3)
DIMENSIUN MMLA(18)

CUMMUN 6

CUMMUN QULOOCML77U0)

CUHMUN C

EQUIVALENCE (G{1), Cl)) . (6(420},

(TITLE(315), C(8369))

EN LN(30)
X(20)
PROD(3)

FORMLA(18)
SYSTM(15)

C(420))

59



EQUIVALENCE (ANS(Ldy CU421)), (ANS(454), C(874)1

EQUIVALENCE {HSUM, Cl4240)s (SSUM, C{4251))
EQUIVALENCE (WTMOL, Cl426))y {CP, CL427))
EWQUIVALENCE (DLMPT, C{428)1, (OLMTP, C(429))
EQUIVALENCE (GAMMA C{430)), (ARATIU, C{431))
EQUIVALENCE (VMACH, C(432)), (SP 1MP, Ct433))
EQUIVALENCE (VACL, Ci{434)),s (CF, C{4361)
EQUIVALENCE {RHOI , C(437)) s (RHOVAC, Ci438))
EQUIVALENCE (RHO, Cl{439))

EQUIVALENCE (T Pl C{4400) s (PI I, Cl441))
EQUIVALENCE {EP P, C{442))y (AW Pl Cl443))
EQUIVALENCE (T ETA, Ct445))

EQUIVALENCE (ETA I, Cl446)), (EP ETA, Cl447))
EQUIVALENCE {AW ETA, Cl448))s (T SIG, C(450))
EQUIVALENCE (SIG I C{451)), (EP SIG, Cl452))
EQUIVALENCE (AW SIG» C1{453))

EQUIVALENCE {ANSLAB (1), C(B75)),» (ANSLAB(454), C(1328))
EQUIVALENCE (FORM(1), Ci1329), (FORM{15), C(1343))
EQUIVALENCE {ELMT{(1), Cl{l344)), (ELMT{15), C(1358}))
EQUIVALENCE {LLMT(1), C(1344)), (LLMT(15), C(1358))
EQUIVALENCE (DATA(1), C(1359)), (DATA(23), C(1381))
EQUIVALENCE (MDATA{1), C{(1359)), (MDATA(23), C{(1381))
EQUIVALENCE (ENLL), €(1382))s (ENL90), Cl1l471)}))

EQUIVALENCE {1SYS, Ci14722), {JEAN, Cl1473))
EQUIVALENCE (AC Xy Cl1474)), (ACF 4 C(1475)})
EQUIVALENCE (AMX, C(l476)) {AMF, Cl1477))
EQUIVALENCE (RHUXy C(l478)), {RHOF, C{1479))
EQUIVALENCE (COEFX{1), Ci1480)), (COEFX(20), C{(1499)}
EQUIVALENCE {DX(1}, C(1500)), (DX(20}, (15190

EQUIVALENCE {FORMLA(L1), CI(L520)), (FORMLAL18), C(1537))
EQUIVALENCE (MMLA(1), C(1520)), (MMLA{18), CL1537))
EWUIVALENCE (PROD(L), C(1538)), (PROD(3), C{1540))
EQUIVALENCE (SYSTMI1), C{1541))y (SYSTM(15]), c{1555))
EQUIVALENCE (MTSYS({1), C(1541)), (MTSYS(15), C(1555)}

EQUIVALENCE (OF C(1556)), {(FPCT, C{1557})
EQUIVALENCE (EQRAT, c{1558))

EQUIVALENCE (KODE, C(1559)), {KASE» Cl{l15601}))
EQUIVALENCE (KUNT, cl1561)), {NF, C(1562))
EQUiVALENCE (NU C(15633}), (NE, C{1564))

EGUIVALENCE {NOEJd, C(1565))
EQUIVALENCE (BOX(1}), CL1771)), (BOX(15), c(1785)}

EQUIVALENCE (BOF(1), C(1786)), (BOF(15), C{1830)1}
EQUIVALENCE (HX, C(1801)) s (HF, €(1832M))
EQUIVALENCE (VXPLS, C(1803)) s (VXMIN, C{1804})
EQUIVALENCE {VFPLS, C{LB805)) s (VFMIN, C{1806M)

EQUIVALENCE (EN LN(1)y C(L8612},s (EN LN{9D}, C{(1950))
EQUIVALENCE (DEL N{1)y C{1951)), (DEL N{(92}, C(2040})

EGUIVALENCE (HO(1), C{2041)) s (HO(90), c{2130))
EQUIVALENCE (S(1), C(2131)) s (SU901}, c(2220M)
EQUIVALENCE {(X{1), Cl22211) s (X(20}, C(22401))
EQUIVALENCE (DELTA(Ll), C{(2241)), (DELTA{20), C(2260))
EQUIVALENCE {BO(1), C(2261)), (BO(15), €(2275})1}
EQUIVALENCE (PO, C{22761), (HSUBOD, cl2211)}
EQUIVALENCE {S0, C(2278)) s (T LN, C(2279)}
EQUIVALENCE {7, €(2280)) s (AAY LN, C(2281}))
EQUIVALENCE (AAY, €(2282))y (CPSUM, C{2283))
EQUIVALENCE (HC » C(2284)1)s ({TC LNy €(2285}))
EJQUAVALENCE (PCPL{1), C{2286) ), (PCPL25), C(2310))
EQUIVALENCE {DATUM(1), C(2311)), (DATUM(3)}, C(2313))
EQUIVALENCE {PC,y C(2314)}),y (TC, C{2315))
EQUIVALENCE (1PROB €(2316)), (IFIXT, c{23171
EQUIVALENCE {IHS, €(2318))y (ICOND, c(2319))
EQUIVALENCE {ISYM, C{2320)), (IPROD, €(2321))
EQUIVALENCE {IDID, C(2322)) s (LDRUM, €(2323))
EQUIVALENCE {IDRM, C(2323)) 3 (KDRUM, C(2324))
EQUIVALENCE (L, C(2325))y (L1, C(2326})1)
EQUIVALENCE (M, C(2327))y (M1, clz23281)
EQUIVALENCE (N, C€2329) )y (IQ, €(2330))
EQUIVALENCE {iQl, C{2331)), (1Q2, €i2332))
EQUIVALENCE (IMAT, C{2335)), (1USE, €(2335))
EQUIVALENCE (Id3, C(2333)), (KMAT, Cl2334))
EQUIVALENCE (IADD, C{2336)),y (ITNUMB, ct233Tn

EQUIVALENCE (ITAPE, C{2338)), (P, C{2339))
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S00
16
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cQUIVALENCE {IDEBUG, C(2340),» (LFROZ, C{2341))
EQUIVALENCE {(AlL1l), C(2342)), {AlL350}, C(3691))
EWQULVALENCE (CUEFT1(1), C{3692)), (COEFTL(1350), C(5041))
EQUIVALENCE {CUOEFT241) s CU(5042)), (COEFT2(1350), C(6391))
EQUIVALENCE (COEFTL{1)y C(6392))s (COEFT(13501}, C(7741)}
EQUIVALENCE (ATOM(1l), C(7742)), (ATOM(303), C(BD44))
EQUIVALENCE (MATOM{1)s C(7742)), (MATOM(303), C(BD44))
EQUIVALENCE (C12,MM) 4 (E,ME) , (ENDyMEND} o {BLK,MBLK) 4 { RPN¢MRPN}
EQUIVALENCE (GAS,MGAS) »(SOL,MSOL) »{BLIQ,MLIQ), {BLPN,MLPN)
EQUIVALENCE (CL1OyMCL0)}o(PLSyMPLS) o (SYMBL yMBL) 4 (BMINeMMIN)
EQUIVALENCE (TMPL, MTMP1)

DATA QCOOCT/060/
BLK=Q000CT
UATA QLO1CT/034/
RPN=QOCICT

DATA QUOLCT/074/
BLPN=QUO2CT

DATA Q00G3CT/027/
GAS=QUO03CT

DATA QC04CT/062/
SOL=QO04CT .
DATA QuO05CT/043/

BL I4=QQ05CT

DATA Q0UL6CT/020/
PLS=Q006CT

DATA QCOTCT/040L/
BMIN=QOU7CT

DATA QCG8CT/025/
£=QuOBCT

DATA W(L09CT/0254524606060/
END=QOCSCT

DATA QGl0CT/012/
Ciu=QOo10CT

DATA QOLLlCT/014000000/
C12=¢011CT

DATA QO012CT/012000000/
CFi0=Q0i2CY

KIUN=2

DU 1 K=lsL

IF (LLMT{K)-ME) 1:2,1
CUNTINUE

GU TO 3

KION=1

TEMP=ELMT (K)
ELMT(K)I=ELMT (L)
ELMT{L })=TEMP
150L=0

M=0

OU 4 J=1,15
DO 4 K=1,90
LUEFT2(J,K)
COEFTL(JyK)
D0 6 J=1,1350

AlJsl) = 0.0

REWIND 4

READ (4)(DATA(I),1=1,23)

IF {MDATA(L}-MEND) 900,171,900

noh
co
[<X]

UNPACK THE BCD FORMULA FOR THE PRODUCT

DO 16 i=1,2
DATUM(I)=DATA(I}
J=1

I=1

K=0

TMP1 = DATUMII)
FORMLA(J) =AARS(30,TMP1)
DATUM{ L) =AALS(6,TMPL)
Jad+i

61



62

[aNaX 3!

s gK g

925

21
S26

25
29

950
951

30
31
35

952

$53

$54
39
41
47

955

48
51
55
57

59
958

67
69
330
333
959

717

81

85
S60

86
89

93

95
g6
970

97
975
101

"IF (K-4) $25,925,21
K =-Kf1

GO TD 17

IF(I=1) 926,926,25
I=l+1

60 To 13

BEGIN SEARCH FOR FIRST NUN BLANK ALPHANUMERIC CHARACTER

J=12

J=dJd

IF (MMLA{J)~-MBLK) 35,950,335

IF (J-1) 30,30,951

4 = Jd-1

GU TO 29

WRATE (6431) (DATALL),1=1,3)
FURMAT (14H THE FURMULA 3A6,33H IS INCORRECT ON THE MASTER TAPE)
Gu TO 7

IF (MMLA(J)-MRPN} 30,952+30

b = Jg=-1

LF (MMLA(J)-MGAS) 953,39,953

IF (MMLA(J)-MSOL}) 954,41,954

IF (MMLA{J)-MLIQ) 30,41,30
ITYPLE=1 .
GU TO 47

ITYPE=2

J=J-1

IF {MMLA(J)-MLPN) 30,955,30

J=d=1

UBTAIN AND STORE THE FURMULA NUMBERS A(K,J)

DO 48 K=1,15

FURM{K }=0.0

NLSW=1

NUMB=0

ICNT=0

JONT=J=ICNT

IF (JCNT) 30,81,59

IF (MMLA(JCNT) — MCL1Q) 958,67,67
GO TU {(63,85)yNLSH
ICNT=ICNT #1

Gu TO 57

GU TO (69963)sNLSH

IF {ICNT) 9594330,959
IF(K10N-1)30,333,30
NL Sh=2

Gy TO 57

IF LICNT-2) 77,73,30
NUMB = MMLA(J-1) * 10
NUMB=NUMB +MMLA{ J)
VALUE = NUMB

J=Jd=1CNT

NI.SW=2

GU TO 55

60 TO {30,85)sNLSW

IF (ICNT) 96043C,960

SYMBL = 0.0
IFINUMB)B6,95,86

LF (ICNT-2) 93,89,30

TMP1 = FORMLA(J-1}

SYMBL =AALS(6,TMP1)

MBL = MBL + MMLA(J)

GO0 TQ 107

IF(JCNT)I30430,96

IF (MMLA(J)-MPLS) 97,970,97
FURMUL )=-ICNT

G0 TO 109

IF {MMLA(JI-MMIN} 107,975,107
FURM(L )=ICNT

Gy TO 109
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CcoaOn

107
111

105
109

121
133

137
145

147

151

155

159

1955

1959

171
173
175
i
181
182

184

186

185

217
219

225

DO 111 K=l,L

1F (MBL-LLMT(K)) 111,105,111
CUNT INUE

GuU Ty 7

FORM(K }=VALUE

J=d=[CNT

IF (41} 30,121,51

iF (ITYPE~1) 30,133,137
M=M+}

J=M

G0 TG 145

J=90~ 1 s0L

LSUL=1SOL +1

DO 147 K=1si

AlK»J )=FURM{K)

CUNTINUE

ARRANGE THERMUDYNAMIC DATA IN CORE ORDERED BY INTERVAL

IT=0

TeMP = DATA(L)

DATA(1) = DATA(3)

DATA(3) DATAL2)

DATA(2) TEMP

DU 155 K=1+5

COEFTL(K,J) = DATA(K)

DU 159 K=6414

KIT= K+IT

CUEFTL(KsJ) = DATAIKIT)

IT=IT+9

DG1955 K=1,5

CUEFT2{KsJ) = DATALK)
DU1S59 K=6414

KIT = K#IT

CUEFT2{ksJ) = DATA(KITI

G0 TC 7

GO TO NEXT MOLECULE

EL IMINATE GAP BETWEEN GASES AND CONDENSED PHASES

N=M+ISOL

IUSE=1

If (N-90}) 175,225,181
IF (IS0L) 177,225,184
IUSE=2

GU To 225

WRITE (6,182)

FURMAT (45H TOO MANY REACTION PRODUCTS FUOUND ON THE TAPE)
[USE=2

60 To 225

KK = 9CG-IS0L

DU 186 J = 1, ISOL

Hd = M+J

KJd = KK + J

DO 186 K = 1,415
COEFT1UKsMJ) = COEFTL(K+KJ)
DO 185 J = 1.1IS0L

MJ = M4J

KJ = KK + J

00 185 K = 1,15
COEFT2(KeMJ) = COEFT2(K,KJ)
DU 219 J=1,150L
MJ=M+J

KJd = KK +J

DO 217 K=1,15

AlKIMJ ) = ALKsKS)
CUNTINUE

CUNTINUE

GO TO 225

RETURN

END

63



STEXT SHIFT

ENTRY AARS
ENTRY AALS
ENTRY ALRS
ENTRY ALLS

BINARY CARD (NOT PUNCHED) -
VLOLO 0500 oU 00063 10000 AARS CLA*® 344

4
00001 0621 00 C 01002 10011 STA *+2
v00L2 4500 60 4 00004 16000 CAL* 414
GLU03 0771 00 O 00000 10000 ARS **
vGul4 4130 00 G GOOOO 10000 XCL
QuoUu5 0131 V0 0 00000 10000 XCA
UoLU6 0020 UC 4 00UOLl 100600 TRA 1,4
QULUT G500 6C 4 0LGO3 10000 AALS CLAX® 344
00010 0621 006 0 01002 10011 STA *+2
U011l 4500 60 4 00004 10000 CAL%* 444
uoul2 0767 00 O 00000 10000 ALS **
Q0Ul3 4130 00 O 00000 10000 XCL
OL0Ul4 0131 00 O GOO0O0 10000 XCA
Ou0L5 ©020 0C 4 00001 1000C TRA 1.4
G00l16 0500 60 4 00003 10000 ALRS CLA* 3.4
V0017 0621 0C G G1003 10011 STA *+3
0uL20 4500 6C 4 00004 10000 CAL* 444
U0021 0560 0G 0 00040 10001 LDQ TEMP
Qouz22Z 0765 00 C 00000 100060 LRS *¥
BINARY CARD (NOT PUNCHED)
00UZ23 4600 0C 0 00040 10001 STQ TEMP
000c4 4130 00 O 00000 10000 XCcL
00025 (©131 00 ¢ 00GOO 10000 XCA
wuu26 0020 0G 4 GGOO1 100600 TRA 1.4
0U0e7?7 0500 60 4 00003 10000 ALLS CLA%* 3,4
00030 G621 GG 0 01003 10011 STA *+3
Q0031 4500 60 4 00004 10000 CAL#* 494
Ju032 0560 00 U 00040 10001 LDQ TEMP
00U33 0763 0G 0 000GV 10000 LLs *¥
Ouu34 4600 00 O 00040 10001 STQ TEMP
U0U35 4130 0G G O000OLU 10000 XCL
00036 0131 00 O 0G0GGO 10060 XCA
QU037 0020 00 4 00001 10000 TRA 1.4
Vou4G GO0GULUOOOLOO0O 106000 TEMP acT
0v000 01111l END
CONTROL DICTIONARY
$CDICT SHIFT
BINARY CARD (NOT PUNCHED)
G00041C00000 PREFACE START=0,LENGTH=33,TYPE=7094, CMPL X=5
U00V04000005
623031266360 SHIFT DECK LOC=0,LENGTH=33
6000410600600
212151626060 AARS REAL LOC=0,LENGTH=0
060000000000
212143626060 AALS REAL LOC=T7,LENGTH=0
u0u00000u007
214351626060 ALRS REAL LOC=16,LENGTH=0
L 00UL00OoUV16
2143436260060 ALLS REAL LOC=27 4L ENGT H=0
000000000027
$DKEND SHIFT 001763

NO MESSAGES FOR THIS ASSEMBLY
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SUBRUUTINE SPEC

QUIPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

UIMENSION Al15546)+TEM(5) sANAME(5) JELMT(15)
DIMENS ION II(5)

COMMUN C

CUMMON QO0OCML{T700)

CUMMUN C

EQUIVALENCE (KONT, C(1763))

EQUIVALENCE (I C(1764)),
EQUIVALENCE (A(1l),
EQUIVALENCE (ELMT(1),

FORMAT (10X, 4HFUEL)
FURMAT (10X, THOXIDANT)
IF (M ) 24,142

WRITE (6,606)

el TO

3
WRITE (6455}

K=0

U0 11 J=1,15

KK=]+M

IF{ALJY 4KK) )12,11,12

K=K+l

TEMLIK ) =AL J,KK)
ANAME(K)=ELMT(J)

LI(K)=TEMIK)

CONTINUE

LFIKUNT)Z21420,21
WRATE (60 4)LANAMELTINII(]) ,1=1,K)
FURMAT{1H+,18X,5(A2,12,5X))

GD Tu 13

c(85781 ),
Ca180M ), (

WRITE (6, 5) (ANAME(L) yTEM(I) oI=1,K)
FORMAT (1H+918X,5({A2,F8.5,3X))

RETURN
END

SUBRUUTINE

INPUT

CUMMUN /ATOMS/ATEM(101,3)
COMMUN /AP EL1L/4NL

DIMENSION A6(12)
DIMENS IUN TELMT(15)

OIMENS ION
DIMENSIUN
ODIMENS ION
OIMEN S ION

G(20521),
DEL N(90),
DELTA(20),
CUEFX(20),

OIMENSION COEFTL(15,90)

DIMENS ION
DIMENS ION

ELMTU15),
BOXL15),

A(L5,46),
HO(390),
BO(15),
DX(20)

{MCL1765))
(A{690)

€(9267))

ELMT(15), C(1821))

EN{(90),
S(90),
PCPI25),
FORM(15!

» CUOEFT2(15,90)

DATA(23),
BOF (15),

DATUM(3),
ANS(454),

DIMENSION LLMT(15)4MTSYS{15) MDATA(23)
COEFT(15,90)

DIMENSIUN  ANSLAB (454},
DIMENSION  MATOM(101,3)
DIMENS ION MANAME(5),
CUMMON 6

COMMON QUOUCMI7700)
CUMMON C

EQUIVALENGE  (G(1),
EQUIVALENCE  (ANS(1),
EQUIVALENCE  (HSUM,
EQUIVALENCE  (WTMOL,
EQUIVALENCE  (DLMPT,
EWUEVALENCE  (GAMMA,
EQUIVALENCE  (VMACH,
EQUIVALENCE  (VACI,
EQUIVALENCE  (RHOI,
EQUIVALENCE  (RHO,

’ ATOM{101,3)
ANAME (5) , ANUMI5)
ci1)), (G{420),

Ce421)), (ANS(454),
Cl424) )y (SSUM,
Cl42600, (CPs
C(428)1s (OLMTP,
C(430))s (ARATIO,
Cl{432)), (SP 1IMP,
C(434)), (CF,
Cl437))s (RHOVAC,
C(439))

EN LN(S0)
x{20)
PROD(3)

FORMLA(18)
SYSTM{15)

C{420))
C{874))
Cl425))
Cl427))
Cl429))
C{431))
C{433))
Cl436})
C(438))

65
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EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EJUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EJUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(T Pl

(EP Pl

(T £TA,
(ETA I,

(AW ETA,
{SIG I,

(AW SIG,
{ANSLAB (1),
(FURMI(1),
(ELMT(L),
(LLMT(1),
{DATAL1l)},
(MDATA(Ll),
{EN(1), c
(ISYS,
(ACXK,

{AMX,
(RHOUXy
(COEFX(1),
(DX(1),
(FORMLA(1),
(MMLA{1)},
(PROD(L)

{SYSTM{1),

C(440)), ({PI 1, C(441))
C{442))s (AW Pl C(443))
Ci445))
Cl446)), (EP ETA, Cl44T))
Cl448))s (T SIG, C(450))
C(451)) s (EP SIG, C(452))
Ci453))
C(875)), (ANSLAB(454), C(1328)}
Cl1329)), (FORM{15), C(1343))
C(13443), (ELMT{15), C{1358})
C(1344)) s (LLMY(15), €{1358))
C(1359), (DATA(23), C(1381))
Cl1359)), (MDATA(23), C(1381))
(1382)), {(EN(90}, Cll471))
c(1472)), {JEAN, Ct1473))
C(l474)), {ACF C{1475))
Cl1476)), {AMF, C(1477))
C{l478)) ., {RHOF, CL1479))
C(1480)), {(COEFX{20), C{1499))
€{(1500)), (DX{20), C{15191})
C{1520)), (FORMLA(18), C(1537))
C{1520)), (MMLA(18), C(1537))
C(1538)), (PRODI(3), C{1540))

Cl1541)),
*

{SYSTM(15), C(%??S))

{MTSYS(1)y C{1541)), (MTSYS(15}, C(155
{0F, C(1556)), (FPCT, C(1557))
{EQRAT, C{1558))

{KODE, CE1559}), {KASE, C(1560))
{KUNT, Ct1561)), {NF, c{1562))
{NU, C(1563)) s (NE, Cil1564))
{NOEQ, C(1565))

(KDy C(1763))

(BOX(1l), C(L771)1+ (BOX(15}), Cc(1785}%)
(BOF(1), CLl1786) )y (BOF{15), €(1800))
(HX, C(L801)), (HF, ci1802))
(VXPLS, C(1803)), (VXMIN, (18041
{VFPLS, C(1805)) s (VFMIN, €c{18061})

{TELMT(1), C(1807)), (TELMT{15), C(1821))
(EN LN(1)}, C{(1861)), (EN LN(9D), C(1950))
{DEL N{1), C(1951)),s (DEL N(92), C{2040))
{HO{1}, Cl2041) 4y (HO(90), Ci2130))
(S(1), C(2131)) 4 (S(9C), CL222011
{(X{1), C(2221)) s (X(20), C(2240))
{DELTAL1),» C(2241)), (DELTA(20), C(2260))
{B80(1), Cl2261)), (BO(15), . C(2275))
(PO, C{2276)1) s (HSUBO, Ccl2277))
(S0, C(2278)) s (T LN, c(22791)
(T, C(2280)) s (AAY LN, C(2281))
(AAY, €(2282)) s (CPSUM, cl2283))
(HC C(2284)) s (TC LNy c(2285))
PerPil), C{2286)), (PCPL25), Ct2310))
(DATUM(1), C{2311)), (DATUM{3), (C(2313})
{PC, C{2314)) s (TC, C(2315))
(IPRUB, C{2316))y (IFIXT, C{2317))
{IHS, €{2318)), (ICOND, c{2319))
(ISYM, C{2320)), (IPROD, c(2321))
CIDID, C12322)), (LDRUM, C(2323))
{ IDRM, C{2323))y (KDRUM, C(2324))
(L, C(2325)), (L1, C(23261)
(M, C(2327)), (ML, C(2328))
N, C(2329 ), (IQ, ct2330))
t1Qi, C{2331)), (1Q2, c{2332))
(1Q3, C(2333)), (KMAT, C(2334))
(IMaT, C{2335)) s (IUSE, C(2335))
(IADD, C(2336)) s (ITNUMB, €(2337})
(ITAPE, C(23381), (P, €(23391)1)
(IDEBUG, C12340)), (IFRUZ, C(2341))
(COEFTL(1)y C{3692)), (COEFTLL1350), C(5041))
(CUEFT2(1)s C{5042)), {COEFT2{(1350), C(6391}))
(COEFTIL), C(6392)), (COEFT(1350), C(7741))

(ATUM(1),
(MATOM(1),

C{7742)), (ATOMI303), C(BI44))

CLTT742))

(MATOM(303), C(8044))
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EQUIVALENCE(A(L), CLB578B)) s (AL690), C19267))
EQUIVALENCE (MANAME(1),ANAMEL(L)) s (MANAME(5),ANAME(5))

[aX X a¥ o]

SUBROUTINE TU COMPUTE PRUPELLANTS
IN1=0.0

DATA QGOOCT/0466060606060/
UX=QuooCT
IF(JEAN-222151,50,51

51 CUNTINUE
D0 5006 I=1,1i01
LD 5000 J=1,3

5000 ATOM{ I5J)=ATEM{1,J)

50 D0 52 I=1,15
DATA QGOLCT/000000/
ELMT(I)=Q001CT

BOF(1)=0
BUX(I)=0
00 52 J=l,46 Es
Al IsJ)=0
52 CONTINUE
TuTAL =6.0
NF=0
NU=0
NE=0

WRITE (6,400
400 FURMATI(8HL INPUT//)
REALD (5,2)A6
WRITE {6,2)A6
2 FURMAT (12A6)
WRITE (6,3)
3 FURMAT(1HJ 458Xs LOHPERCENT WT,10H ENTHALPY ,7X+4HTEMP,7X,7THDENSITY)
100 READ (5, L)ENTHTEMP,DENS,ETHR JOEN , PECWT » ANAME( I
Lo ANUMUI) y1=154)
1 FURMAT(3F10e54201¢FBa5,4(A2,F8.5))
IF{ANUM(1).£Q.0.0) GO TO 200
99 WRITE (65 402){ANAME(T) JANUM(II 51=1,5) PECHT,ENTH,DENy TEMP,ETHR,D
1ENS
402 FORMAT (1X35(A291XsFTe492X) oFBe%s2X9Fe292X9ALl 32Xy FBa3,2X,
1Al,3Xy F8.5)
DU 9 I=1,5
9 TUTAL=TOTAL+ANUM(I)
IF(ETHR-OX)11,10,11
1G NO=NO+1
ANLI=ZNL+ENTH
KK=NU
KKK =NU
NN=31

11 NF=NF+1

12 D0 98 J=1,5
IFCANUMIJ) ) 96,97,96
96 DO 31 I=1,15
IFCANAMELJ)-ELMTLI)) 21.+20,21
20 NAUT=Q0
33 KT=1
G0 T0 30
21 IF(ELMTUI)) 31,22,31
22 ELMT({I)=ANAME(J)

NE=NE+1
NHUT=1
GO TO 33
31 CUNTINUE
30 1F(NHUT)14,15,14
14 DO 16 I=1,101
IF (MATUM{I,1)-MANAME(J)) 16,17,16
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17 11=1
GO To 18
16 CUNTINUE
WRITE (65199)
199 FORMAT (32H0 THERE IS A BAD PROUPELLANT CARD)
==1
RETURN
18 AINE,37)=ATUMLI1,2)
AINE, 38)=ATUM(I1I,3)
15 ALKT,KKI=ANUM(J)
98 CUNTINUE
97 A{KKK s NN)=ENTH
A{KKK s NN+2)=PECHT
ALKKK s NN+4)=DENS
ALKKK o NN+ 10) =DEN
ALKRK s NN+ 12) =TEMP
A(KKK g NN+14)=ETHR
60 TO 100
200 IFU{NE) 202,201,202
<01 L=vu
RETURN
202 JEAN=222
WX=0
WF=0
HX=Q
HF=0
RHOX=0
RHAOF=0
VXPLS=C
VXMIN=0
VFPLS=C
VFMIN=0
ACX=(Q
ACF=0
AMX=0
AMEF=0
D055¢ J=1.NU
00552 I=1sNE
552 AlJda39)=A1J5390+AL1 L,3T)*A{1 44 )
DU 53 J=1+NF
DO 53 I=1.NE
53 AlJds40)=A1U, 40} 4+ALL 3T )*ALI 4 J+15)
LF (NO) 1000,1001,1000
1000 DO 550 I=1,NO
54 HX=HX+A(I431)%A(1,33)/A(1,39)
550 WX=WX+A(1,33)
1001 LF (NF)} 1002,1003,1602
1602 DO 551 I=14NF
55 HF=HF+A(1+32)%A(1,34)/AL1,40)

551 WF=WF+A(]I,34)
1G03 IF (NO) 1U0G4,1005,1004

1004 DO 42 I=l.Nu
AUX=ACX+A{I,35)%A(1,33)/A(1,39)
42 AMX=AMX+A(1,33)/A(1,39)
ACX=ACX/WX
AMX=W X /AM X
1005 IF (NF2) 1006+1007,1006
10606 DU 43 I=lsNF
ACF=ACF+A (I, 36)*¥A([434)/A11,40)
43 AMF=AMF#A(1,34)/A(1,40}
ACF=ACF/nF
AMF=nF /AMF
1007 IF (WX} 1020,51021,1020
14020 HX=HX/ WX
1021 IF (wWF) 1022,1023,1022
1022 HF =HF /WF
1023 DO 6u I=1sN0
IFLAL1,435))60,71,60
60 RHOX=RHOX+A(1,33)/A(1,35)
RHUX=WX/RHOX
73 DU 61 1=1.NF
IFLALL+36)006L371s61
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61

71
72
74
1008

56
51
1009
i0ld

58
59
1611

64
61

63
66
62

1030

40
1031
1640
1041

con

1050

2000

1142

1143

RHUF=RHUOF+A{ 1,34} /A(1,36)
RHOF=WF/RHOF

GU TO0 74
RHOX = 0.0
RHOF = 0.0

IF (NU) 1008,1009,1008
DO 57 I=1,NE
DO 56 J=1,NO

BOX(I}=BOX{I)+A(I,J)*A(J,33)/A(J,39)

BUX(1)=BOX{I)/HX

IF (NF) 1010,4011,1010

DO 59 I=1sNE

D0 58 J=1NF
BOF{I)=BOF(I)+A{Il,J+15)*%A(J
BUF(1)=BOF(L)}/wF

DO 62 I=1,NE
IF(AL1+38)163562,64
VXPLS=VXPLS+BOX{(1)*A(I,38)
VFPLS=VFPLS+BOF(I)*A{1,38)
60 TO €2

VXMIN=VXM IN#BOX{I)*A{{,38)
VFMIN=VFM IN+BOF{ I1)*A(1,38)
CUNTINUE

IF (WX) 1030,10631,1030

00 4u I=1,NO
A(1,331=A(1,33)/uX

LF{WF)} 1040,1050,1040

DO Lual I= i,NF
All,34)=A11,34)/4F

SAVE ELEMENT ARRAY FOR CORE

DO 2000 I=1,15

TELMTLI) = ELMTLL)
L=NE

TUTAL= AMOD(TOTAL,1.0)
IF(TUTAL) 1142511431142
KD=1

RETURN

KD=0

RETURN

END

$IBFTC GAUSS

oo nn

SUBRUOUTINE GAUSS

SUBROUTINE GAUSS SOLVES ANY
BY ITERATION IF NECESSARY

FUORTRAN MONITOR UNDER NORMA
OF OVER®*UNDER FLOW

VDIMENS ION G 20,21 o Al
DIMENS ION DEL N 90 5 HO
OiMENS ION DELTA 20 4, BO 15
OIMENS ION COEFX 20 » DX
DIMENS ION COEFT1 15,90 4 C
DIMENS ION ELMT 15 , DAT
DIMENS ION BOX 15 , BOF
DIMENSION LLMT 15 ,MTSYS 15
OIMENSION ANSLAB 454
DIMENS ION MATOM 101+3 o
DIMENSION DRUM 20,21
CUMMUN G

CUMMUN QOQOCM 7700

134) /A1J,40)

4

LINEAR SET OF UP TO TWENTY EQUATIONS,

L OPERATING CONDITIONS WILL TAKE CARE

5290 . EN 90 , EN LN 90
90 §$ 90 , X 20

» PCP 25 4, PROD 3

20 o FORM 15

OEFT2 15,490
A 23 , DATUM 3 , FORMLA 18
15 ANS 454 o SYSTM 15
+MDATA 23
COEFT 15,90
ATOM 101,3

69



COMMUN C

EQUIVALENCE G 1 c1 . G 420 o C 420
EQUIVALENCE ANS 1 4, C 421 ANS 454 C 874
EQUIVALENCE HSUM, C 424 SSUM, C 425
EQUIVALENCE WTMOL o C 426 CPy C 427
EQUIVALENCE DLMPT, C 428 DLMTP, C 429
EQUIVALENCE GAMMA , C 430 ARATIO, C 431
EQUIVALENCE VMACH , C 432 , SP IMP, C 433
EQUIVALENCE VACI ., C 434 CF,y C 436
EQUIVALENCE RHOI s C 437 RHOVAC, C 438
EQUIVALENCE RHO» C 439

EJUIVALENCE T P, C 440 PI I, C 441
EQUILIVALENCE EP PI, C 442 AW PI, C 443
EQUIVALENCE T ETA, C 445

EQUIVALENCE ETA I, C 446 EP ETA, C 447
EQUIVALENCE AW ETA, C 448 T SiG, C 450
EQUIVALENCE Si6 I, C 451 EP SIG, C 452
EQUIVALENCE AW SIG, C 453

EQUIVALENCE ANSLAB 1 , C 875 , ANSLAB 454 + C 1328
EQUIVALENCE FORM 1 C 1329 , FORM 15 , C 1343
EQUIVALENCE ELMT 1 C 1344 , ELMTY 15 , € 1358
EQUIVALENCE LiMT 1 € 1344 LLMT 15 , C 1358

1

EQUIVALENCE DATA 1 c 1359 , DATA 23 , C 1381
EQUIVALENCE MDATA 1 » C 1359 , MDATA 23 , C 1381
EQUIVALENCE EN 1 C 1382 , EN 90 C 1471

EQUIVALENCE LSYS, C 1472 JEAN, C 1473
EQUIVALENCE ACX, C 1474 ACF, C 1475
EQUIVALENCE AMX, C 1476 AMF, C 1477
EQUIVALENCE RHOX C 1478 , RHOF C 1479
EQUIVALENCE COEFX 1 C 1480 COEFX 20 5, C 1499

EQUIVALENCE 0X 1 , C 1500 DX 20 C 1519
EQUIVALENCE FORMLA 1 , C 1520 , FORMLA 18 « C 1537

EQUIVALENCE MMLA 1 C 1520 , MMLA 18 , C 1537
EQUIVALENCE PRUD 1 4 C 1538 . PROD 3 C 1540
EQUIVALENCE SYSTM 1 4, C 1541 , SYSTM 15 C 1555
EQUIVALENCE MTSYS 1 o C 1541 o+ MTSYS 15 4, C 1555

EQUIVALENCE OF o C 1556 FPCT, ¢ 1557
EQULVALENCE EQRAT, C 1558

EQUIVALENCE KUDE, C 1559 , KASE, C 1560
EQUIVALENCE KONT, C 1561 NF C 1562
EQUIVALENCE NO C 1563 4 NEs C 1564
EQUIVALENCE NOEQs C 1565

EQUIVALENCE BOX 1 C 1771 , 80X 15 , C 1785
EQUIVALENCE BOF 1 C 1786 , BOF 15 C 1800
EQUIVALENCE HX s C 1801 , HF, C 1802
EQUIVALENCE VXPLS, C 1803 , VXMIN, C 1824
EQUIVALENCE VFPLS, C 1805 4 VFMIN, C 1806
EWUIVALENCE EN LN 1, C 1861 4, ENLN9) , C 1950
EQUIVALENCE DEL N1, C 1951 , DEL N 90 , C 2040
EQUIVALENCE HO 1 C 2041 » HO 90 C 2130
EQUIVALENCE S$1, C 2131 + S 90 , C 2220
EQUIVALENCE X1, C 2221 ,» X 20 C 2240
EQUIVALENCE DELTA 1 , € 2241 , OUELTA 20 , C 2260
EQUIVALENCE BO 1 C 2261 + 80 15 C 22715
EQUIVALENCE PO, C 2276 4 HSUBO, C 2217
EQUIVALENCE S0, €C 2278 5, T LN, ¢ 2279
EQUIVALENCE T, C 2280 » AAY LN, C 2281
EQUIVALENCE AAY, C 2282 , CPSUM, C 2283
EQUIVALENCE HC » C 2284 4, TC LNy C 2285
EQUIVALENCE DATUM 1 , C 2311 , DATUM 3 , C 2313
EQUIVALENCE PC, C 2314 , TC, C 2315
EQUIVALENCE 1PROB, C 2316 , IFIXT, C 2317
EQUIVALENCE IHS, C 2318 4 [ICOND, C 2319
EQUIVALENCE ISYM, C 2320 , IPROD, C 2321
EQUIVALENCE 101D, C 2322 4 LORUM, C 2323
EWUIVALENCE IDRM, C 2323 4 KDRUM, C 2324
EQUIVALENCE Ly C 2325 , 1, C 2326
EQUIVALENCE My C 2327 4 Ml, C 2328
EQUIVALENCE Ny C 2329 , IQ, C 2330
EQUIVALENCE 1Q1, C 2331 , 1Q2, C 2332
EQUIVALENCE 1Q3, C 2333 , KMAT, C 2334
EQUIVALENCE IMAT, C 2335 , [1USE, C 2335
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EQUIVALENCE 1ADD, C 2336 , [ITNUMB, C 2337
EQUIVALENCE ITAPE, C 2338 , Py C 2339
EQUIVALENCE IDEBUG, C 2340 , IFROZ, C 2341
EQUIVALENCE Al , C 2342 , A 1350 » C 3691
EQUIVALENCE COEFTL 1 » € 3692 , COEFTL 1350 , € 5041

EQUIVALENCE CUOEFT2 1 4 C 5042 4, COEFT2 1350 5 C 6391
EWQUIVALENCE COEFT 1 o« C 6392 , COEFT 1350 , C 7741
EQUAVALENCE ATUM 1 ,° C 7742 ,» ATOM 303 , C 8044
EQUIVALENCE MATUM 1 , C 7742 , MATOM 303 , C 8044
EQUIVALENCE pcP L C 2286 4 PCP 25 , C 2310

DATA QOUOCY/0U3T77717717171/
BIGNU QOvOCT

1DiD O

DETN G.0

IF IUSE 80U,80,81

81 IUSELl IUSE 1
DU 1 K 1,IUSE
X K 0.0
1 DELTA K 0.0
ITERA ©
KAPUT 1
USUM1 BIGNO

SAVE MATRIX IN DRUM

L0 82 1L 1,1USE
vuse JN 1, IUSEL
82 DRUM IDeydN G IDsJN

BEGIN ELIMINATION OF NNTH VARIABLE

6 DU 45 NN 1,IUSE
IF NN—IUSE 8483,8
83 IF 6 NNJNN 31,23,31

SEARLH FOR MAXIMUM COEFFICIENT IN EACH ROW

8 VO 18 1 NN,IUSE
J NN
IF G 1.4 99y 14,99
99 CUEFX 1 0.0
104 41
LF LUSEL~J 12,84,84
84 1F ABS G 1+J ~- ABS COEFX I 10,100,100
100 COEFX 1 ABS G 1.4
G0 T0 10
L2 COEFX 1 ABS CUEFX 1 /G I #NN
GU TU 18
14 COEFX 1 BIGNO
18 CUNTINUE
19 TEMP BIGNU
I
20 DO 22 J NN,lUSE
IF  CUEFX J -TEMP 87,22,22
87 TEMP CUEFX J
iJ
22 CUNTINUE
IF 1 28,23,28
23 IDID NN-1
60 Tu 80

INDEX 1 LUCATES EQUATION TU BE USED FOR ELIMINATING THE NTH
VARLIABLE FRUM THE REMAINING EQUATIOUNS

INTERCHANGE EQUATIONS I AND NN

28 IF NN—-1 29431,29
29 VO 3u J NN,IUSE]
L G Iyd
G Ied G NN»J
30 G NN,J 2Z
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31

36

88
40

44
45

991

47

48

51

i51

90

52

56
60
62

66
68

12
74

DIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE NTH

VARIABLE FROM THE REMAINING EQUATIONS

K NN 1
DO 36 J Ky IUSEL
LF G NNoNN 364 23, 36
6 NNoJ G NNsJ / G NN,NN
IF K-TUSEL 88445,88
00 44 1 Ky {USE
DU 44 J Ky IUSEL
6 144 G LIsd =~ G I4NN *G NN,J
CUNTINUE
CONTINUE

BACKSOLVE FOR THE VARIABLES

IDIVL 1USE

K IUSE
J K 1
SUM G.0

IF IUSE - J 51548,48
DO sS5u I Js TUSE
SUM SUM G Ky1I #DX I
DX K G KyIUSEL - SUM
X K X K DX K
K K -1
IF K 47,151,47
D0 9v ID 1y IUSE
Vg 90 JD 1, IUSEL
G ID,JD DRUM [D,JD

CALCUL ATE RESIDUALS DELTA RIGHT HAND SIDE

DSuM 0.0
D0 62 1 1, IUSE
SUM 0.0
DO 56 J 1, IUSE
SuUM SUM G IyJd X J
DELTA I G IoIUSE1 -~ SUM
IF ABS 6 I,IUSEL = 1.0 62y 624 60
DELTA 1 DELTA 1 / 6 I,1USEL
DSuM ABS DELTA 1 DSUM

GO TO 66,80 , KAPUT

IF DSUM — DSUM1 74,80,68
KAPUT 2
uog 72 K 1, {USE

X K XK - DX K
GO TO 52

DSUML DSUM

ITERA ITERA 1

IF ITERA - 4 92,80,92
D0 78 1 1, IUSE

IF ABS 6 I,IUSEL = L.0 75475,76
6 I, 1USEL DELTA 1
GO TQ 78
G 1, IUSEL DELTA I * G I,IUSEL
CONT INUE

G0 TO ¢

RETURN

END



$IBFTC MATRIX

SUBRUUTINE MATRIX

C

C
OIMENS ION 6GL20421), A(15490), EN(90), EN LN(90)
DIMENS IUN DEL N{90)y HO(S0), SS90 Xx{20)
DIMENS IUN DELTA(20), BO(15), PCP(25), PROD(3)
DIMENS LON COEFX(20), DX{(20}), FORM(15)
DIMENSIUN CUEFTL(15,90) » CUEFT2(15,30)
OIMENS ION ELMT(L5), VATA(23), DATUM(3), FORMLA(18B)
DIMENS ION BOX{15), BOF (15), ANS(454), SYSTM(15)
OIMENSIUN LLMT{15) JMTSYS(15) yMDATA(23)
DIMENS ION ANSLAB{454) CUEFT(15,90)
DIMENS ION MATUM(101,43), ATOM{101,3)
CUMMUN 6
CUMMUN QuOOCM{7700)

[ CUMMUN €
EQUIVALENCE (6L{1), C{1)), (6{420), C{420))
cWUIVALENCE {ANS(1), C(421))s (ANS({454), ci874))
EQUIVALENCE (HSUM, C(424))s {SSUM, C(425))
EQUIVALENCE (WTMOL, Cl426))y (CPy Cl427))
EQUIVALENCE {DLMPT, C{428)), (DLMTP, C(429))
EQUIVALENCE (GAMMA , C(430))» (ARATIO, C{431))
EQUIVALENCE {VMACH, C(432))y (SP IMP, C(433))
EQUIVALENCE (VACL, Cil434))y (CF, C(436))
EQUIVALENCE (RHOL C{437)) s (RHOVAC, Cl{438))
EQUIVALENCE {RHO, C{439))
EJUIVALENCE {7 PlL, Cl440))y (PI I, Cl441))
EQUIVALENCE {EP PI, Cl442)), (AW PI, Ct443))
EQUIVALENCE (T ETA, Cl445))
EQUIVALENCE (ETA I, C{446))y (EP ETA, Cl447))
EWUIVALENCE (AW ETA, Cl(448))y (T SIG, C(450))
EQUIVALENCE £SI6G I, C(451)) s (EP SIGy c{452))
EQUIVALENCE (AW SIG» Ci{453)) -
EQUIVALENCE (ANSLAB (1), C(875)), (ANSLAB(454), C(1328))
EQUIVALENCE (FORM{(L), C(1329)), (FORM(15), C(1343))
EQUIVALENCE (ELMT(1)}, C(1344)), (ELMT{15), C(1358))
EQUIVALENCE (LLMT(1), C(1344)) s (LLMT(15), C(1358))
EQUIVALENCE (DATA(L1)s C(1359)), (DATA(23), C(1381))
EQUIVALENCE {MDATA(Ll), C{1359M), (MDATA(23), C(1381))
EQUIVALENCE {EN(L), Ci1382))s (EN{90), Cl1471))
EQUIVALENCE (ISYS, Cll472)), (JEAN, C(1473))
EQUIVALENCE {ACX, C(i474)), {ACF, C(1475))
EJUIVALENCE (AMX, Clla76})), (AMF, Cl{1477))
EQUIVALENCE {RHOX C(1478) ), {RHOF, C{1479))
EQUIVALENCE {CUEFX(1), C(1480}), (COEFX(20)¢ C(1499))
EQUIVALENCE {DX{1)y CE1500))s (DX(20}, C{1519)}
EQUIVALENCE (FURMLALLY, C(15200), (FORMLA(LB), C{1537))
EWULVALENCE (MMLA(L) C{15200), (MMLA(18)}, CC1537))
EQUIVALENCE {(PRUD(L1), C{1538))y (PRUD{(3), C(1540))
LJUEVALENCE (SYSTM{1)y CU(154L1)), (SYSTM(L5), C{1555))
EQUIVALENCE {MTSYS{1), C{1541))y (MTSYS{15), C(1555))
EQUIVALENCE {OF, CL1556) ), (FPCT, C(1557))
EQUIVALENCE {EQRAT, c(1558))
EWIVALENCE (KODE, CL1559)), (KASE, C{1560))
EQUIVALENCE (KUNT, CL1561)), (NF C(1562))
cQUIVALENCE (NO, C{1563)) s (NE, C{1564))
EQUIVALENCE {NOEQ,y C(1565))
EWUIVALENCE (BOX{1}, CL1771)), {BOX{1S5), C{1785))
EQUIVALENCE {BOF (1), C(1786)), (BOF(15), c{1830))
EQUIVALENCE {HX, C(1801)), (HF, c(1802))
EQUIVALENCE (VXPLS, CL1803)) ¢ (VXMIN, ci{1804))
EQUIVALENCE (VFPLS, C(1805)), (VFMIN, C(18061))
EQUIVALENCE (EN LN(1)}y C(1861)), {EN LN{90), C(1950))
EQUIVALENCE (DEL N(1), C(1951)), (DEL N{(90}, C€2040})
EQUIVALENCE (HO( 1), C{2041)), (HO(90), €{2130))
cWUIVALENCE (St C(2131)), (S(S0}, €(2220))
EQUIVALENCE (X{1), Cl2221)) 5 (X(20), €(2240))
EWQUIVALENCE (DELTA(1l)y C€l2241)), (DELTA(20), C(2260))
EJUIVALENCE (BO{1), C(2261))s (BO(15), €{2275))
EQUIVALENCE (PO, C(2276) ), (HSUBO, c{22711))
EQUIVALENCE (S0, Cl2278)), (T LN, c{227190
EQUIVALENCE (T, C12280)) s (AAY LN, c(2281))
EQUIVALENCE {AAY, €12282)) s (CPSUM, C(2283))
EWUIVALENCE (HC C{2284)), (TC LN, €(2285))

73
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EQUIVALENCE (PCPil), C(2286)) s (PCP(25), C{(2310))
EQUIVALENCE (DATUM(1), C(2311)), (DATUM(3), C(2313))
EQUIVALENCE (PC, C(23143), (TC, €(2315))
EQUIVALENCE (IPRUB, C(2316))y {IFIXT, C{2317))
EQUIVALENCE {IHS, C(2318))y (ICOND, €(2319))
EQUIVALENCE (ISYM, C(23200), (IPROD, €(2321))
EQUIVALENCE (IDID, C{2322)) s (LDRUM, €(2323))
EQUIVALENCE (IDRM, C(2323)) s (KDRUM, c(2324))
EQUIVALENCGE (L, C{2325)), (L1, C{2326))
EQUIVALENCE (M, C(2327)), (M1, €{2328}))
EQUIVALENCE (N, C12329 ), (IQ €{2330))
EWUIVALENCE tiQ1, C(2331)), (IQ2, C{2332)}
EQUIVALENCE {1Q3, C(2333)), (KMAT, C{2334))
EQUIVALENCE (IMAT, ‘C(2335)), (1USE, €(2335))
EQUIVALENCE {1ADD, C(2336)), (ITNUMB, €{2337))
EQUIVALENCE (ITAPE, C(2338)) 4 (P, €(2339))
EQUIVALENCE (IDEBUG, C{2340))» (IFRBZ, C(2341))
EQUIVALENCE {A(l), C12342)), (A(L350)s C(3691))
EQUIVALENCE (COEFT1(1)y C3692)), (COEFT1(1350}, C(5041))
EQUIVALENCE {COEFT2{1)y CL5042))y (COEFT2(1350), C(6391))
EQUIVALENCE (CUEFTI1)y C(6392)), {COEFT(1350), C(T7741})
EWUIVALENCE (ATOM{1)y CLT7742)3, (ATOM{303), C(BO44))
EQUIVALENCE (MATOM{1)y C(7742)), (MATOM(303)}, C(8044))
DETERMINE WHICH MATRIX IS TD BE SET UP
SENSE LIGHT LIGHT ON LIGHT OFF

1 CUMBUSTION TYPE EXPANSION TYPE

2 ASSIGNED TEMPERATURE UNASSIGNED TEMPERATJRE

4 NUT CONVERGED CONVERGED
id1=iQ1
i92=1Q2
1Q3=iQ3

CALL SLITET{2,KCGOOFX)
GU TO{le4),KO00FX

1 CALL SLITE (2)
CALL SLITET{4,K000FX)
GU TO(2, 3),K000FX
2 CALL SLITE (4}
IFIXT=1
IsSyM=14q1
G0 70 10
3 IFIXT=2
IHS=1
LSYM=1Q2
GU TO 10
4 IFIXT=2
CALL SLITETI(1,KOGOFX)
GU TO(546),KO00FX
5 CALL SLITE (1)
IHS=1
isym= IQ2
GO TO 10
6 CALL SLITETU14,KU00OFX)
GU TO(7,8),KOUOFX
7 CALL SLITE (4)
IHS=2
1SYM=14d1
G0 TO 10
8 IHS=1
I1SYM=1d2

CLEAR MATRIX STORAGES TU ZERO

10 DO 212 I=1,1Q2
VU 21l K=1,1Q3
GliIeK)= G0
211 CONTINUE
212 CONTINUE
ICUND=1
LF (L-1Q) 144213414
213 ICOND=2

BEGIN SET UP OF ITERATION MATRIX
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14

214

12

13

15

20

21

24

25

30

35

40

45
54

55

60

65

66
70

00 65 J=1,M

CALL BYPASS (J,1)

IF (IPROD-2) 65,214465
IF (EN(J}) 65+65,12

CALCULATE THE ELEMENTS RI(I,K)

00 20 I=1, L

iF {A(1,J4)) 13,20,13

TERM= A{L,J)*EN(J)

DO 15 K=1, L

GlI,K)= GUI+K) + A(K,JI*TERM
CUNTINUE

CUMPLETE COLUMN A FOR THE GAS MOLECULE

Gll,IQ1)=GLI+IQL)I+TERM
CONT INUE

GliQ1, IQ1)= G(IQL,IQ1)+EN(J}

STATEMENT 24 IS FOUR FIXED T, 30 IS FOR VARIABLE T AND CONVERGED
FIXeL T

IF (IFIXT-2) 244+30,+30
FOR ASSIGNED T BYPASS ENERGY ROW AND T COLUMN WHILE ITERATING

TERM= (HO(J)~S{J)I*ENLJ)

D0 25 I=1, L
GlIs1Q2)=G(LsIQ2)+A(Ll 4 JI)*TERM
CUNT INUE

GLIQ1ly IQ2)=6G(1Q1,1Q2)+TERM

6 Tu 65

FILL IN TEMPERATURE COLUMN AND RIGHT HAND SIDE

TERM=HO(J )*EN(J)

DO 35 I=1,L

GUI»1Q2)= GUIyIQ2)+A{I,J)*TERM
CUNTINUE

GlIvl, IQ2)= G(1IQl,IQ2)+TERM
TERM1={HO(J)-SLJ} I*EN(J)

DO 40 I=1,L

GlI»1Q3)= G(I1,1Q3)+A(I,J)*TERM]L
CUNTINUE

GLINL, 1Q3)=G4IQ1,IQ3)+TERMIL

STATEMENT 50 IS FOR ENTHALPY , 55 IS FOR ENTROPY EQUATION

IF {IHS-2) 50455,55

Gl IW2, IN2)=G(IQ2,1Q2)+HO{J) *TERM
GlIuz2e 1Q3)=6(1U2,IQ3)+HO(J)*TERML
U Tu €5

DURING EXPANSION THE ENTROPY ROW IS FILLED IN

TERM=S{JI*EN(J)

DO 60 K=1l,L

Ol IR K)= GLIQZKI+A{K,J)*TERM

CONTINUE

Gl IQ2, IQ1)=6G(IQZ,IQ1)+TERM

ol 1w2, I02)=6(1Q2,IQ2)}+HOIJ) *TERM

GL IN2, IQ31=6(IQ2,IQ3)+(HO(J)=S(J)) *TERM
CONTINUE

AT THIS POINT PROCESSING OF GASEOUS PRODUCTS HAS BEEN COMPLETED
AND CUNDENSED PHASE PROCESSING IS BEGUN

STATEMENT 70 IS FUR CONDENSED PRODUCTS, 101 IS FOR NO CONDENSED
IF {ICUND—-2} 7C,101.,101
K=L1

DU LU0 J= M1,N
CALL BYPASS (J.1)
IF {1PRUD—2) 100U,74+100

75
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74
75

80
85

90
95
o

101

102
104

s

106
107

109
ii¢

115
125
i30
i3l

i33
136

145

150

160

165
166

168
169

185

DO 75 1I=1,L

Gl 1sK)=A{I,J)

CUNTINUE

STATEMENT 80 IS FUOR FIXED Ty 85 IS FOR VARIABLE T AND CONVERGED
FIXELD T

IF (IFIXT-2) 80,85,85

G{Ko1Q2)= HO(J)-5(J)

GU Tu &5

Gik,1Q2)= HOLW)

G{K»1Q3)= HO(J)-5(J)

STATEMENT 95 IS FOR ENTHALPY, STATEMENT S0 IS FOR ENTROPY EQUATION
IfF {IHS-2) 95,50,90

6L 1Q2yKI=S(J)

K= K+1

CUNTINUE

REFLECT SYMMETRIC PURTIONS OF THE MATRIX BEFORE COMPLET ING THE
CUNDENSED PHASE CONTRIBUTIONS TO THE MATRIX

V0 104 I=L1l,ISYM
VO 1u2 J=1,1ISYM
Gldedl)=Gl1I,J3)
CUNTINUE
CUNTINULE

THE ADDRESS OF THE NEXT INSTRUCTION IF SET DURING INITIALIZATION
STATEMENT 105 IS FOR CUNDENSED,130 IS FOR NO CONDENSED

IF (ICOND—-2} 105,130,130
CUMPLETE CULUMN A UF MATRIX

DU 125 J=M1,N
CALL BYPASS (J,1)

If (LPROD-2) 125,106,125

DU 107 I=1,L

GEIyIW1)=G{I+IQLI+ALL ,JI*EN(J)

CUNTINUE

IF (IFIXT-2) 125,1C9,1019

IF (IHS-2) 110,115,115

Gl A2, IQL)= G{INZ2,IQLI+HOLJI*EN(I)

GU TOD 125

6l IQ2, 1Q1)= GOIQ2,1QLI+S(JI*EN(J)

CONTINUE

L TU (131,133),4IFIXT

KMAT=1Q2

Gu To 136

KMAT=1Q3

IMAT=KMAT—-1 .

COMPLETE THE RIGHT HAND SIDE

D0 145 I=1,IMAT
GE1sKMAT)=GU1,KMAT)=G(1,1Q1)
CONTINUE

DU 150 I=1,L

Gl L KMAT) = GLI,KMAT)+ AAY*BO(I)
CUNTINUE

P= 6L1Q1, 1Q1)

GULIQLsKMAT) = G(IQLsKMAT)+ PO
Gl IQl, IQL3=0.0

CUMPLETE ENERGY RUW AND TEMPERATURE COLUMN
IF (KMAT-1Q2) 165,185,165

IF (IHS-2) 166,168,168
ENERLGY=AAY®(HSUBOG/T)

Gu TO 169

ENERGY= AAY¥ SO+P0O—P

6l 102, 1Q3)=64iQ2,1Q3)+ ENERGY
GL INZy 1Q20= GL1Q2,1Q2)+CPSUM
RETURN

ENO



$IBFTC ODLARDX

C
[

COOOOO

SUBRUUTINE DUDARDX(ARATIO,IADD,P)
NEW CUMMON

CUMMUN /KD S/KOK g JADDI g MNFR o ICONST ,IRAM, IZEI AR, [ ROUy ICON,
2IFREZ

CUMMUN/KN1/SUB1,SUB2,SUB3.s YT,NZTYP,

2ITYP(5),L0N(20) ,EEXP(20) sAKL20)

CUMMON /KN2/JEAM I TIME2 yDARDX «CONVER sAPE » SAPE,
2SAPELy SAPE2s INUME PPT
COMMUN/KN3/KONT oI Ny SPCP(25) y KAPPA AWT ,OLDAWT ,PCP T
CUMMON /RML1/COSTH.CD o COA,TF yHEATC yP2 yT2 yAMOL2 4 V2, GAM2,
2PFIELD,Vv0,ADAC,Q1Q0,P3P2

CUMHON /RM2/PP3P2,CVsV4 ,JRAM

END OF NEW COMMON
DIVIDE NUZZLE CONTOUR IN 4 SECTIONS
SECTIONS 1 AND 2 ARE SUBSONIC
SECTIONS 3,4 AND 5 ARE SUPERSONIC
FUR SUPERSONIC COMBUSTIUN SECTIONS 1,2 AND 3 ARE USED '
EQUIVALENGE( SUB3,SUP3)
IFLIRUU) 26,27,26
26 Y = YT#SQRT{ARATIO)
DARDY = 2,0%Y/{YT$*2)
G0 TU <8 !
27 Y = YT#ARATIO
DARDY = 1.0/YT
28 IF({KUK) 20,1520
1 IE(P-PPT) 54242
2 IF(ARATIU-SUBL) 43,3

3 NCON = 1
- ITYPE = ILTYPL1)

GU TO 25

4 NCON = 5
ITYPE = ITYP(2)

U Tu 25

5 IF(ARATIO-SUB2)6,6+7
6 NCUN =9
ATYPE = ITYP(3)
GO0 TO 25
¢ IFLARATID ~ SUP3)8,8,9
8 NCUN = 13
ITYPE = ITYP(4)
GU TU 25
9 NCUN = 17
LIYPE = ITYP(5)
G0 TU 25
20 IF(ARATIO - SUBL)3,3,22
22 KFCARATIO ~ SUB2)444+6
25 IFCITYPE = 1)30,31,30
31 UXDY = CON(NCUN)®EEXP{NCON)* (Y*%(EEXP(NCON) —1.0)} + CON(NCON+1}#*

1 EEXP ANCON+1) *{Y** (EEXP(NCON+1) —1.0))} ® CON{NCON+2)*EEXP({NCON
2 +Z) ¥ {YE¥(EEXP(NCON$2)—1.0})) + CONINCON+3)*EEXPINCON+3)*

3 (Y&+ {EEXP (NCUN+3} - 1.0)}

GU Tu 32

30 SAV=ABS(CUN(NCON)+CONINCON*LI*Y+CONINCON+2 ) kY*%2)
OXDY=(CUNINCUN+1)+2.0%CON{NCON+2)*Y) /(2.0%SQRT(SAV))

32 DARVX=DARULY/OXDY
RETUKN
END

$IB8FTC CuMB

SUBRUUTINE CUMB
CUMMUN /AP ELL/ZN1
NEW CUMMON

CUMMON /KD S/KOK 9 JADD Iy MNFR y ICONST IRAMy IZETAR, IROUs ICUN,
21FREZ

COMMUN/KN1/SUBL,SUB2,5UB3,YT,NZTYP,
21ITYPL5),LON(20) ,LEXP (20} ,AK(20)

(i



CUMMUN /KN2/JEAMy I TIME2 ,UARDXCONVER yAPE » SAPE,
2SAPLELy SAPEZy INUME ,PPT
CUMMUN/ZKN3/KONT 3L UN,SPCP(25) s KAPPAJANT OLDAWT 4 PCP T
COMMUN /RM1/COSTH,COD4CDA,TF yHEATC P2, T2 yAMOL2 yV29GAM2,
2PFIELD yVU,AOAC 4QiW0,P3P2

COMMUN/RM2/PP3P2,CV V&4 JRAM

END OF NEW COMMON

DIMENS ION 612G,21), All5,90), EN(901} EN LN(30)
DIMENS ION DEL N(90), HO(90}, 5(904, X(20)
DIMENS IGN DELTA{20), BO(15), PCP(25), PROD(3)
DIMENS ION COEFX{20)s UDX{20), FORM(15)

DIMENSIUN COEFTL1(15,90) , CUEFT2(15,90)

OLIMENS ION ELMT(15), DATA(23), DATUM(3), FORMLAL18)
DIMENS ION BOX(15), BOF (151, ANS{454), SYSTM{15)
DIMENSIUN LLMT{15),MTSYS{15) 4MDATA(23)

OIMENS ION ANSLAB{454), COEFT{(15,90)

DIMENS ION MATUM(101+3), ATOM(101,3)

DIMENS ION MX{20),MCOEFT(15,90)

DIMENS ION MFORM{15)

REAL LRS

REAL LLS

COMMON 6

CUMMON QOOOCM(T7700)

CUMMUN C

EQUIVALENCE (G{1), C1) ), {(G{420), cl420))
EWUIVALENCE (ANS(1}s C(421)),s (ANS(454), C(874))
EQUIVALENCE {HSUM, Cl4241), (SSUM, Cl425))
" EWUIVALENCE {WTMOL C(426)), (CP, CL427))
EQUIVALENCE (DLMPT, C(428))y (DLMTP, Cl429))
EQUIVALENCE {GAMMA , C(430)), (ARATIO, Cl431))
EQUIVALENCE {VMACH, C(432)), (SP IMP, Cl433))
EQUIVALENCE {VACI, Cl434)), (CF, C(436))
EQUIVALENCE {RHOI, Cl437)), (RHOVAC, Ci438})
EQUIVALENCE {RHO, C{439))

EQUIVALENCE (7T Pl, Cl440)), (PI I, €(441))
EQUIVALENCE {EP PI, C(442))s (AW PI, Cl443))
EQUIVALENCE (T ETA, C{445})

EQUIVALENCE {ETA 1, Cl446)), (EP ETA, Cl447))
EQUIVALENCE {AW ETA, C(448)), (T SIG, C{450))
EQUIVALENCE {816 1, Ci451)), (EP SIG, C(452))
EQUIVALENCE {AW SIG, C{453))

EQUIVALENCE {ANSLAB{1), C(875)), (ANSLAB(454), C{(1328}))
EQUIVALENCE (FORM(1), Ci{1329)), (FORM{15},s Cl1343))
EQUIVALENCE (MFORM( 1), C{1329)), (MFORM{15), C(1343))
EQUIVALENCE (ELMT(1), Ci{1344)), (ELMT(15), C€1358))

EJQUIVALENCE (LLMT( (1), C(1344)), (LLMT(15), C(1358))
EQUIVALENCE (DATA(1), C{(1359}), (DATA(23), C(1381}))
i)

EQUIVALENCE (MDATA(L1), C(1359)), (MDATA(23}, C(1381})
EQUIVALENCE (EN(L)» C(1382))y (EN(S0), C(1471))

EQUIVALENCE (15YS, C(L472)), (JEAN, Cl1473))
EQUIVALENCE (AC X, Cl1474})), (ACF, Cl1475))
EQUIVALENCE {AMX, C(1476)) , (AMF , Cl1477))
EQUIVALENCE (RHOX o C(1478)3, (RHOF Cl1479))
EQUIVALENCE {COEFX{1l), Cl{1480)), (COEFX{20), C(1499))
EQUIVALENCE {DX{1), C41500)), (DX(20}, Ci{1519))

EQUIVALENCE (FORMLA(L), CU(1520)), (FORMLA(18), C(1537))
EWUIVALENCE (MMLALL), C{1520)), (MMLA(18}, C(1537))
EQUIVALENCE (SYSTM{(1)s C(L541))s {(SYSTM{15), C(1555))
EWUIVALENCE (MTSYS{1), C(1541)), (MTSYS{15), C(1555)])

EQUIVALENCE (OF, ClL556) ), {(FPCT, C(1557))
EQUIVALENCE (EQRAT, €Ci{1558))

EQUIVALENCE {KODE, C(15591 ), (KASE, C{1560))
EQUIVALENCE(NF,C{1562))

EQUIVALENCE (NO, Cl1563)) s (NE, CL1564))
EQUIVALENCE (NUEQy C{1565}))

EWUIVALENCE {80XL1), Cl1771)), (BOXI(15), €(1785))
EQUIVALENCE (BOF(1}, C{1786))s (BOF(15), €{182301})
EQUIVALENCE (HX, C(L801)), (HF, €(1802))
EQUIVALENCE {VXPLS, C(1803)), (VXMIN, C(1834))
EQUIVALENCE (VFPLS, C(1805)) 4 (VFMIN, c{1806))

EQUIVALENCE (EN LN(1)s C(1861)), (EN LN(92), C(1950))
EQUIVALENCE (DEL N(1), C{1951}), (DEL N{(90), Cl2040))}
EJUIVALENCE (HO( 1), Cl2041)), (HO(9G), C(2130))
EQUIVALENCE {S(1), C{21313}), (S(90), €(2220))



2401
2550

2551
2552

2559
2554
2570

2631

2632

2555

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(HX(1),
{(X{1)y
(DELTA(1),
(80(1),
(PO,
(S0,

(T,
(AAY,
{HC,
(PCP(1),
(DATUM(1),
(PC,
(IPROB,
(IHS,
(ISYM,
(IDID,

{ IDRM,
(L,

(M,

(N,
{iQl,
(1Q3,
(IMAT,
(IADD,
(ITAPE,
(IDEBUG,

(A(l1),
{COEFT1(1),

ce2221)),

C(2221))
€l2241)),
Cl2261)),
C12276))
CL22782)
C(2280)}),
c{2282)),
€(2284))
C(2286)),
c(2311)),
Ci2314)),
€(2316)),
c(2318)),
ci23200),
cl2322)),
€12323)),
ci{2325)),
C(2327)),
C(2329),
c(2331)),
€(2333)),
c12335)),
cl(23362),
Ci2338)) ,
C1(2340))

CL2342)),

C(3692) ),

{COEFT2( 1}, C15042)),

(MCOEFT(1),

(COEFT(1),
(ATOMI1),
(MATOM(1),

C(6392) ),

Cl6392)),
Ci7742)),
Cl7742))

{KORE, C(8047})

(OLNTsLNT) p ( SUMsMSUM) o (BLK MBLK) s (TMP, MTMP ) , (NT,BMT)

(PROD(1),

IF(PP3P2) 24014552401
H22=IN1/AMOL 2

ICOMBN = 0O

ci1538)),

VMACH2=SQRT{ 89548.2%GAM2*T2/AMOL2)

VMACH2= V2/

VMACH2

(MX(20),

(X(20),
(DELTA(20),
(80(15),
(HSUBO»
(T LNy
(AAY LN,
(CPSUM,
(TC LN,
(PCP(25),
(DATUM(3),
(TC,
(IFIXT,
(ICOND,
(IPROD,
(LORUM,
(KODRUM,
(Ll

(M1,

(1Qy
(1Q2,
(KMAT,
(IUSE,

(I TNUMB,
(P,
(IFROZ,

{AL1350),

(COEFT1(1350), C(5041)})
(COEFT2(1350), C(6391))

(MCOEFT(1350),

{COEFT(1350),
(ATOA(303},
{MATOM(303),

(PROD(3),

TOTPC= ((GAM2 = 1.0)/2.0)%VMACHZ%%2,0
TOTPC = (1.0 + TOTPL)**(GAMZ/(GAMZ —~ 1.0))
TOTPC = P2*TOTPC

JICUM=0

PARZ2 = T2/1ANMOL2%V2)

IF(ICONST 1255042560,2550

T3 = PP3P2«WTHMOL*VC*PAR2*DRAG2*P3P2

DT3 = T3/7

IF(ABS(DT3 -

PP3P2 = 1.0

1.0) - .0075)2557,2557,2551
IF(PP3P2) 255942552+42559

DRAGL = 1.0/(1.04CD/2.0)
DRAG2 = 1.0/11.0+1.0/0F)
*COSTH*DRAGL/(1.0 + OF)
PP3P4 = DRAG1*DRAG2
PP3P3=289548., 2¥PAR2¥ (1.0 + P3P2
PP3P5=PP3P4%V2 + VFUL
PP3P6 = (V2%%2.0/90185.4 + H22) /(1.0 + 1.0/0F) +HEATC/

VFUL = TF

1(1.0 + OF)
G0 To 2557

IFLICOMBN — 1)255542554,2555
IF(KOK )25704 257242570

DTl = D13
OoPl = PP3P2

IFIDT3 - 1.002631,2556,2632

PC = 1.2%P2
PP3P2 = 1.2
60 TO 2557
PC = .75%P2
PP3P2 = .75
60 T0 2557

OTDP = (DT3 - DT1)/(PP3P2 - DPL)

OoTi1 = pT3

1/2.0

C(2240))

C(2240}))
€(2260))
c(22751)
C¢2277))
€(2279))
c(2281))
ct(228312)
C(22851))
CL2310))
€(2313}))
C(2315))
C(2317))
€(2319))
c(2321))
c(23231)
C(2324))
C(2326))
ci2328})

" c(2330))

€i{2332))
CL2334))
C(2335))
Ci{2337))
C(2339))
C(2341) )

ct3691))

C(1540))

Cl7741))
Ct7741))
Ci(Bo44))
C(8044))

79



80

Pl = PP3P2

IF(KOK )2711,2701,2711
2701 IF(OTDP)263442702,2702
2702 PP3P2= 1.02%DP]
2704 PC = P2*PP3P2

GU TUO 2557

2711 IF(DTDP)2703,2703,2634
2703 PP3P2 = ,975%0P1
GU TO 2704
2634 PP3P2 = (1.0 — DT3)/0TOP + PP3P2
PC = PP3P2 * P2
IF (PP3P2)2630,2706,2706
2630 PP3P2 = DP1*,.5
PC = PP3P2¥P2
2706 IF{KOK)2557,2707,2557
2707 IF(PC — TOTPC)I2557,2708,2708
2708 PC = .S8*#TOTPC
PP3P2 = PC/P2
2557 PP3P1=(1.0 ~ PP3P2)}*PP3P3
VC = PP3P4*PP3PL + PP3P5
SPEED=VC
HSUBO=PP3P6 ~ VC¥*¥2,0/90185.4
HSUBO = HSUBO/1.98726
HSUM = HSUBO
HC = HSUBQ
VMACH = SPEED/SQRT(89548.2%GAMMA*T/ WTMOL)
WRITEL{642616) DPL1,0T3,VMACH ,P3P2
2616 FORMATUL4FL10.4)
IF(ABS(DT3 - 1.0) - .0075)2556,2556 42639
2639 ICUMBN = ICOMHBN + 1
IFCICOMBN ~ 10)2600,2637,2637
2637 WRITEL6,2638) P3P2
2638 FORMAT(1HK40X,51HCOMBUSTION CALCULATION NOT CONVERGED
lA2=F5. 2}
P3Pe=1.8%P3P2
JICOM= JICOM + 1
ICOMBN=0
PP3P2=0.0
IF(JICOM — 402550,3,3
2600 IF(KOK )25535142553
2553 IF(VMACH — 1.)2561,2561,1
2561 PPIPZ = .9¥PP3P2
2625 CONTINUE
2563 PC = PP3P2*¥P2
60 10 1
2572 071 = 013
DPlL = PP3P2
PC = .55%P2
PP3IP2 = .95

GO TO 2557
2556 PP3P2 = 0.0
ICUMBN = 0
JICOM =0
60 TO 2
2560 PARBZ = V2 + 44774.1%PAR2*(1.0 - P3P2)
PC=P3p2¥P2
PAKBZ = PARB2¥(1.0/({(1.0 + 1.0/0F1%(1.0¢CD/2.0)1}
PARB2 = PARBZ + TF *COSTH/{{(1.0+0F) *(1.0+CD/2.0})
PARCZ = —44T774.1¥T*(1.,0/P3P2-1.0)7{(1.04CD/2.0)*WTMOL)

VC=( SQRT( PARB2¥%2~4.0¥PARC2)+PARB2)} /2.0
SPEED = (V2¥¥2/90185.4 + H22)/11.0 + 1.0/0F) + HEATC/(1.0
1+ UF) — HSUM¥1,.98726

SPEED = SPEED*90185.4
SPEED = SQRT{SPEED)
DT3 = SPEED/VC
IFCABSIDT3 - 1.0) - .0112+2,2564
2564 IF(PP3P2)25669256592566
2565 PP = l.
DT1=DT3
OP1=HSUM*1.98726
HSUBO = (V2¢%2/90185.4 + H22)/(1.0 + 1.0/0F) + HEATC/ (1.0
1+ OF) - VC*¥*2/90185.4
2567 HSUBO = HSUBO/1.98726
HSUM = HSUBO

A3



_HC = HSUBO
Gu T0 1

2566 OPDT = (DT3 — DTLI/(HSUM*¥1.98726 — DP1)

Dr1L = 013
UP1l=HSUM*1.98726
HS5UB0 = DP1 + (1.0 - DT3)/DPDT

GU TO 2567
1 JRAM =1
RETURN
2 JRAM =0
V4=vC
RETURN
3 WRITE(6,4)

FURMAT (LHK » 45Xy 39HCOMBUSTION CALCULATION NOT
PCP(IALD) = 0.0

G0 To 2

END

$1BFTC ALEU

(oK ul

SUBRUUTINE ALEOD
NeWN COMMUN

NEW CUMMON

CONVERGED)

CUMMUN/KDS/KOK s JADDT ¢ MNFRyICONST 4 I RAM, IZETAR,IROU, ICUN,

2IFREZ

COMMON/KNL/SUBL,SUBZ2,SUB3,YT,NZTYP,
21TYP{5)+sCON(20)EEXP(2V)»AK(20)
CUMMUN/KN2/JEAM, I TIME2 yDARDX,CONVER yAPE s SAPE 4
25APLEL ¢ SAP E2s INUME +PPT

COMMUNZKN3/KUNT [N SPCP(25) 4 KAPPA sAWT OLDAWT ,PCP T
COMMON /RM1/COSTH,CD ,CDA S TF yHEATC yP2 T2 ,AMOL2,V2 yGAM2,

2PFIELD yVU 4ADAC ,Q1Q0,P3P2
CUMMON/RM2/PP3P24CVe V4, JRAM

CUMMUN /KN4/ANAMELZ,20) o 1JK(20) 3NUM(3,20)
29 NMUOL » NAK

END OF NEW CUMMON
DIMENS IUN IND{ 20} +NAME{2,20)
EQUIVALENCE{ ANAME » NAME }
EQUIVALENCE (TEML,ITEML)
EQUIVALENCE (TEMZ,ITEMZ2)
VUIMENS ION GL20+21), Al15,90), EN(90) ,

DIMENS ION DEL N{90), HO(90), S(90),
UIMENS (UN VELTA(20), BOLL15), PCP(25),
DIMENS IUN COEFX{20), DX(20}, FORM{15])

VIMENS IUN COEFTL(15,90) , CUEFT2{15,90)
DIMENS ION ELMTL15), UATA(23}, DATUM(3),
VIMENS ION BOX(15), BOF(15) ANS(4541),
DIMENSION LLMT(15},MTSYS(15) »MDATA(23)

DIMENS ION ANSLAB (454) 4 CUEFT(15,90)
DIMENS ION MATOM(101,3), ATOM{101,3)
DIMENSION MX{20),MCUEFT(15,90)

UIMENS ION MFURM(1i5)

REAL LRS

REAL LLS

COMMUN G

CUMMUN QUOOCM(7700)

CUMMUN C

EQUIVALENCE {(G(1), Ci)), (G{420),
EQUIVALENCE (ANS(1)y Cl421)), (ANS(454),
EQUIVALENCE (HSUM, Cl424))9  (SSUM,
EQUIVALENCE (WTMOL, Cl426))y (CPy
EWUIVALENCE {ULMPT, C(428)) s (DLMTP,
EQUIVALENCE (GAMMA , C(430))y (ARATIO,

EQUIVALENCE (VHMACH,
EJQUIVALENCE (VACI, C{434))s (CF,
EQUIVALENCE (RHOI, C(437))s (RHOVAC,
EQUIVALENCE {RHO, C(439))
EWUIVALENCE {T Pl, C(440))s (Pl 1,
EQUIVALENCE (EP PI, Cl442))y (AW PI,
EWUIVALENCE {T ETA, Cl445))
EQUIVALENCE (ETA I, Cl446))s (EP ETA,

Cl432)), (SP 1MP,

EN LN{90)
X{20)
PRUD(3}

FORMLA(18)
SYSTM(15)

C420))
C(874))
Cl425))
C(427))
C(429))
Ci431))
C{433))
C(436))
C{438))

Cl441))
C(443))

Cl447))

81



EQUIVALENCE (AW ETA, C(448)), (T SIG, C(452))
EQUIVALENCE  (SIG I, C(451)), (EP SIG, C(452))
EQUIVALENCE (AW SIG, C(453))

EQUIVALENCE  (ANSLAB(L), C(B875)), (ANSLAB{454), C(i328))
EQUIVALENCE  (FURM(1l), C{1329)), (FORM(15), C{1343))
EWUIVALENCE  (MFORM{(1l), C(1329)), {(MFORM(15), C{1343))
EQUIVALENCE  (ELMT{L), C(1344)}, (ELMT(15), C(1358))
EQUIVALENCE  (LLMT{l)s C{1344)), (LLMT(15), C{1358))
EQUIVALENCE  {DATA(1), C(1359)), (DATA(23), C(1381))
EQUIVALENCE  (MDATA(l), C(1359}), (MDATA{23), C{1381)})
EGUIVALENCE  (EN(L), C(1382))s (EN(SG), C(1471))
EQUIVALENCE  (ISYS, Cil472)),  (JEAN, CL1473))
EWUIVALENCE  (ACX, C{l474))s  (ACF, C(1475))
EQUIVALENCE  (AMX, C(1476)),  (AMF, C(L4TT7))
EQUIVALENCE  {RHOX, C(1478)),  (RHOF, CL1479))
EWUIVALENCE  (COEFX(1), C{1480)), (COEFX(20)s C{(1499))
EQUIVALENCE  (DX(1), C(1500)), 1(DX(20), CI(L519))
EQUIVALENCE  (FORMLA{1), C(1520)), (FORMLA{18), C(1537)})
EQUIVALENCE  (MMLA(L}, C{15200), (MMLA(18), C(1537))
EQUIVALENCE  (SYSTM(L), C(1541)), (SYSTM(15), C(1555})
EQUIVALENCE  (MTSYS(1), C{1541)), (MTSYS(15), C{1555]1)
EQUIVALENCE  (OF, C(L1556)), (FPCT, C(1557))
EQUIVALENCE  (EQRAT, C(1558))

EWUIVALENCE (KODE, C1559)),  (KASE, C(1560))
EWUIVALENCE(NF,C(1562) )

EQUIVALENCE  (NO, Cl1563)) s (NE, C(1564))
EQUIVALENCE  (NOEQ, C(1565))

CQUIVALENCE  {BOX{1), CULT71)}, (BOX{L5), CELT85)}
EQUIVALENCE  (BOF(1), C(1786)), (BOF(15), C(18)3)})
EQUIVALENCE  (HX, C(1801)), {(HF, €(1802))
EQUIVALENCE  (VXPLS, C(1803)), (VXMIN, C(1804))
EQUIVALENCE  (VFPLS, C(1805)) s (VFMIN, C(18061)
EQUIVALENCE  (EN LN(1)y C{1B61)), {EN LN(93}, C{1950))
EQUIVALENCE  (DEL N(L)» C{1951)), (DEL N(92), C(2040))
EQUIVALENCE  (HG(1), €{2041)), (HO(S0), €(2130))
EQUIVALENCE  {S(1), C(2131)), (S(90), cl2220))
EQUIVALENCE  (MX(1), C(2221)) s (MX(20), C(22400)
EQUIVALENCE  {X{1), cl2221)), (X(20), €(2240))
EQUIVALENCE  (DELTA(1l), C(2241)), (DELTA(20), C(2260}})
EQUIVALENCE  (50(1), €{2261)1, (BO(15), c(22751)
EQUIVALENCE (PO, C(2276)) 5, (HSUBO, c{22711))
EQUIVALENCE (SO, Cl2278)), (T LN, C(2279))
EQUIVALENCE (T, £(2280)), (AAY LN, €(2281})
EQUIVALENCE  (AAY, C(2282)) s (CPSUM, c(22831))
EQUIVALENCE  (HC, C12284)), (TC LN, €(2285))
CQUIVALENCE  (PCP(1), C(2286)), {PCP{25), C(2310})
EQUIVALENCE  (DATUM(1), C(2311}), (DATUM(3), C(2313))
EQUIVALENCE  (PC, Cl2314)), (TC, C(2315))
EQUIVALENCE  (IPROB, C(2316)), (IFIXT, C(23171)
EQUIVALENCE  (IHS, C{2318)), (ICOND, C(2319))
EQUIVALENCE  (ISYM, €(2320)), (IPROD, ci2321)}
EQUIVALENCE  (IDID, C123221) 5 (LDRUM, €(2323))
EQUIVALENCE  (IDRM, €(2323)), (KDRUM, Cl2324))
EQUIVALENCE (L, €i2325)), (L1, c(2326)1)
EQUIVALENCE (M, Cl2327)1, (M1, c(2328))
EQUIVALENCE (N, (2329}, (IQ, C(2330))
EQUIVALENCE  {1Ul, Ci2331)), (1Q2, €(2332))
EQUIVALENCE  (1Q3, C(2333)), (KMAT, C(2334))
EQUIVALENCE  (IMAT, ¢12335)), (IUSE, €(2335))
EQUIVALENGE  (LADD, C(2336)), (ITNUMB, C(2337))
EQUIVALENCE  (ITAPE, C{2338)), (P, C(2339))
EQUIVALENCE  (IDEBUG, €(2340)), (IFROZ, ci2341))
EQUIVALENCE  (All), C(2342)), (A(1350), C(3691))
EQUIVALENCE  (CUEFTL(1l}, C(3692)), (COEFT1{1350), C(5041))
EGUIVALENCE  (COEFT2(1), C{50421), iCOEFT2(L350), C{6391))
EQUIVALENCE  (MCOEFT(1), C(6392)), (MCOEFT(1350), C(7741))
EQUIVALENCE  (CDEFT{1}, C(6392)), (COEFT(1350), CL7741)}
EQUIVALENCE  (ATUMIl), C{7742)), (ATOM{303), C(8344))
EQUIVALENCE  (MATOM(1), C(7742)), (MATOM{303), C(8044))

EQUIVALENCE (KORE, C(8047))
EQUIVALENCE {DLNT,LNT)s{ SUM,MSUM) 5 (BLK sMBLKY, { TMP, MTMP ), (MT ,BMT)
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EQUIVALENCE

"{PRODI(1},

€{1538)),

{PROD(3),

C{1540))



10
il

33
34

—

201

200

i9

il9

12
i3
14
15

16
17

20
21
24
25

26
27

CUNVER = (0.0
IFIKUK 133,410,433
IF(JEAM) 1411,1
SAPE = (PC/PPT)*1.05
JEAM=-1
laLeo =1
RETURN
AFLIADD-111,34,1
SAPE = 1.05
JEAM = -1
IALED =1
RETURN
CUNT INUE
TALED = JALED +1
K=1
DO 9 I=1,NMOL
IND(T) =0
J=1
DO 3 MM=1,105
TEM1=ANS(J+35)
TEM2=ANS{J+36)
IFCATEMLI-NAME(L,1))3,5,3
IFEETEMZ-NAME(241))346,3
INDUID)=4+37
GU TO 9
J=J+4
K=K+2
CALL DUARDX(ARATIU,IADD,P)
UARDX=ABS(DARDX)
IFU({KOKeEQeU)+AND« (ANS(32) oL T. Q. 0) ) DARDX==DARDX
£=1.8136E-06%¥ANS({2)**3/ANS(3)**4
LLI=0.0
V0 200 I=1.NAK
Ll=1.0
DU 2ul J=1.3
LL=NUM(J, 1}
IF(LL .EQ.0IGU TO 201

K=IND(LL)

LL=LI%ANS(K)

CUNTINUE

L11=I121+AK(1)*ZZ

CONT INUE

L=1%111

U=11.9593%ANSE2)*ANS{13)#DARDX/( ANS(3)*ANS(11)*ANS(32))%*
LUANS 9)%ANS(301-ANS(8} )

QAN = Q/Z

WRATEL6519) Z,Q,QAN

FUKMATU4HK 28Xy 2HZ=E 12.5,5X,2HQ=E 12.5,5X+4HQAN=E 12.5)
WRITE(6,119) DARDX,ANS(L13) ;ANS{B) ,ANS{9),ANS(30) ,ANS{(32)
FURMATLLHK ¢ GHDARDX=F 104342 Xy 6HSPIMP=F1043 ,2X,7HANS{8)=E 12.5,
12X, THANSU9)=E 12.5,2X,BHANS(30)=E 12.5,2X,8HANS(32)=E 12.5)
IFLABSIQAN=1.0)-.U1) 90,90,12

(F(JEAM)IL3,20,20

IF(KOK )ibs14,16
IF{JAN — 1.0)17490,15
INUME =1

SAPE = +90%SAPE

JEAM = 1

GU TO 60

IFIQAN - 1.0} 17490,90
SAPE = 2.5

SAPELl = SAPE

JEAM = 1

60 TO 60

IFIKOK ) 26+21,26
IF(P-PPT)26524,24
IFCLITIMEZ2)30425,30

UJLDAN = QAN

SAPEl = SAPE

SAPE = .95 *SAPE
ITIMEZ = 1

GU TO 60
IFLITIMEZ)30,27,30
ULDAN = QAN

SAPEL = SAPE



SAPE = 5.0
ITIMEZ = 1
GU TO €0
30 VIR = (ALOG(WAN) —-ALOG(OLDAN}) /(ALOG{SAPE)~ALOG{SAPEL}}
SAPEL = SAPE
SAPE= EXP(ALOG(SAPE)}-ALOG (QAN)/DIR)
OLDAN = QAN
IF{KOK )40,43,40
40 IF(SAPE - 1.05) 41+60,60
41 SAPE = 1.07
GU TU €0
43 [F(INUME) 44, 50,44
44 IF(SAPE - PC-PPT) 46445345
45 SAPE = .98%PC/PPT
GU TO €0
46 IFLSAPE ~ 1.03) 47,447,060
47 SAPE = 1.03
50 IF(SAPEPC/PPT)IS5L,51,60

51 SAPE = 1.03*PC/PPT
60 NO EQ =NU EQ-1
1ADD = IADD-1
BACKSPACE 3
IF(IALED ~ 25) 61,61,70

61 RETURN

90 IALEU =0
JEAM=0
1TIMEZ=0
CUNVER=1.0
SAPEZ = 0.0
RETURN

70 APE = (.0
SAPE = 0.0

WRITE (6471}
71 FURMAT {1HJ,48X,35HALEO NOT CONVERGED IN 25 ITERATIONS)
CALL POUMP(G(Ll,1),SAPE2,1)
RETURN
END

$IBFTC CORE3
SUBROUTINE CORE3

[ NEW CUMMUN
C NEW CUMMON
C

CUMMUN /KD S/KOK y JADDI yMNFR 9y ICONST oI RAMy IZETAR, IROU, ICON,
21FREL

LCUMMUN /KN 1/SUBLySUB2sSUB3 s YT,NITYP,

2LTYP{5),CONL20) EEXPL{20),AK(20])

CUMMUN /KN2/JEAM, ITIME2 yDARDX,CONVER yAPE» SAPE,
25APELy SAP E2, INUME,PPT
CUMMON/KN3/KONT 9 1INy SPCP{25) yKAPPA yAWT yOLDAWT ,PCP T
CUMMUN /RM1/COSTHsCJ) 5CDATF 4yHEATC P2 472 yAMOL2,V2,GAM2,
2PF1ELD VU JAUAC 4ULJUsP3P2

CUMMUN /RM2/PP3P2,LVy V42 JRAM

C

¢ END OF NEW CUMMON

C

C FRUZEN COMPUSITIUN EXPANSION

[

C
UIMENS IUN 620421}, A(15+90), EN(901} EN LN{90)
JIMENS IUN DEL N(90), HOI90}, S(90), X{20)
VIMENS ION DELTA(20)s BOLL5), PCP(25), PROD{3)
DIMENS ION CUEFX{20)y DX{20), FORM(15)

DIMENS ION COEFTLI(15,90) , CUEFT2{15,90)

DIMENS ION ELMT(15), DATA{(23), DATUM{3) FORMLA(18)
DIMENS IUN BOX(15), BOF(15), ANS(454), SYSTM(15)
DIMENS ION LLMT(15),MTSYS(15) ,MDATA(23)

DIMENS ION ANSLAB(454) s COEFT(15,90)

DIMENS ION MATOM(101,3), ATOM(101,3)
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CUMMGON 6

CUMMUN QOUOCM{T7700)

CuMMUN C

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQULVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUIVALENCE
EQULVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQULIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQULVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE (KODE,

EQULIVALENCEINF {1562}

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQWUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EJQUIVALENCE
EWUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EWUIVALENCE
EQUIVALENCE
EJWUIVALENCE
EQUIVALENCE
EJQUIVALENCE
EQULIVALENCE
EQUIVALENCE
EQUIVALENCE
EJUIVALENCE
EWUIVALENCE

(G(1l), CLl) ), (G{420), C{420))
(ANS(1), Cl421)) s (ANS(454), C(874))
{HSUM, Cla24))y (SSUM, Ct425))
(wTMOL , Ci4261), {CP, C(427)1)
(ULMPT, C(428))y (DLMTP, C{429))
(GAMMA , C{430))y (ARATIO, Cl431))
(VMACH, C(432)), ({SP IMP, Cl433))
(VACI, Cl434))s (CF, Cl{436))
(RHOI o C{4370)y (RHOVAC, C(438))
(RHU, C(439))

(T PI, Cl440)) s (PI 1, Cl441))
(EP PI, Cl442))y (AW PI, C(443))
(T ETA, C(445))

(ETA I, C{446)), (EP ETA, Cl447})
(AW ETA, Cl448))s (T SIG, C(450))
{SIG I, C{451)), (EP SIG, CL452))
(AW SIG, C{453))

(ANSLAB (L) CLB75))s (ANSLAB(454), C{1328))
(FURM(1), C{1329)), (FORM{15), Cl1343))
{ELMT(L), C(l344)), (ELMT{15), C(1358))
(LLMT(1), Cil344)}), (LLMT(15), C(1358))
{DATA(1), C{1359}), (DATA(23), C(1381))
{MDATA{1),» C(1359)), (MDATA(23), C(1381})
(ENLL), C(1382)), (ENIS0), C(1471))
(ISYS, C(1472)1, (JEAN, Cl1473))
(AC X, Cll474)) (ACF, Cl{1475))
(AMX, ClL476)) (AMF, C(1477))
{RHOX, C(L478)) (RHOF, C{1479}))
(COEFX(1), Cll480))y (COEFX{(20)y C{1499))
(DX(1), C{1500)), {(0UX(20), C(1519))
{FORMLA(L), C(L520)0), (FORMLAIL18), C(1537))
(MMLA(L), C(1520)), (MMLA(18), C{1537))
(PROD(L)y C(1538)), (PRODI(3), C{1540))
{SYSTM(1l)y Cllb4ld), (SYSTM(15), C{1555))
{MTSYS{1i)y CL1541)2, (MTSYS(15}, C{1555))
(OF, C(1556)), (FPCT, C(1557))
{EQRAT, c{15584)

Cl1559}), (KASE, C(15601})

{NG, C(1563)), (NE, Clil1564))
{NUEQy C(1565)}
(NUFRUZ, CHl1566))

{(BOX{1), CLA771)), (BOX(L15), ci{1785))
(BO0F (L), C(1786}1)y (BUF(15), C(1800))
(HX, C(1B8OL)) s (HF, C(18021)
{VXPLS, C(1803)),y (VXMIN, C(1804))
{VFPLS, CLLBO5)) s (VFMIN, cil18d6))
(EN LNCL), C(1861)), (EN LN(9D), C(1950))
{DEL N(1), CH{(19511)), (DEL N(90), C(2040)}
(HO{1), C(2041)), (HO(90), C(2130))
(Sti), C(2131)), (S(90), €l2220))
(X{1l), Cl2221)) s (X1(20), C(22401)1
{DELTA(Ll)y, C(2241)), (DELTA(20), C(2260)}
(B80L1), C(2261)), (BOIL5), C(2275))
(PO, C{2276))y (HSUBOD, C(2277))
(SO CL2278)) s (T LN, C(2279))
(T, €(2280)) s (AAY LN, c(2281))
(AAY, €142282)), (CPSUM, c(2283))
(HC » C(2284)) s (TC LN,y €{2285})
(PCPLL), C(2286)) s (PCP(25), Cl2310))
(DATUM(1)s C{2311)), (DATUM(3), C{2313))
{(PCy C{2314)) s (TC, €(2315))
(IPROB, C(2316)) s (IFIXT, C(2317))
(IHS, €(2318)), (ICOND, c{23191)
(iSYM, €C{2320))y (I1PRUOD, C(23211))
(iDID, C(2322)), (LDRUM, C(2323))
( IDRM, C(2323)) s (KDRUM, C{23241))
(L, C{2325)), (iLl, C(2326))
(M, C(2327)) s (M1, C(2328))
(Ny C{2329)), (1Q, €(2330))
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[z ek s}

[aNaN ol o

Co0n

950

351

962
S52
S60
1004
961

EQUIVALENCE (IQ1, {2331, (1Q2, C(2332))
EQUIVALENCE (1Q3, C(2333))y (KMAT, C(2334))
EQUIVALENCE (IMAT, C{2335)), (IUSE, C(2335))
EQUIVALENCE (IADD, C(2336)), (ITNUMB, C(2337))
EJUIVALENCE (ITAPE, C(2338)) 4 (P, €(2339))
EQUIVALENCE (IDEBUG, C(2340)}), (IFROZ, Ci2341))
CORE3
EQUIVALENCE (Al1l), C{2342))s (A(1350), Cl3691})
EQUIVALENCE (COEFTL(Ll)y C(3692)), (COEFIL{1350), C{5041))
EQUIVALENCE {COEFT2(1)s C(5042)) s (COEFT2(1350), Cl6391))
EQUIVALENCE {COEFT{1), C1(6392)})y (COEFT{(13501), C(7741)}
EQUIVALENCE {ATOM(1), C(7742)), (ATOM(303), Ci8044))
EQUIVALENCE {MATOM(1)y C(7742)), (MATOM(303), C(8044))

CUMMON /AP EL2/HCCyPCC »S002ZN2,ZN3 4SAV(3) ,SAV1{3)

ULDAWT=ANT

NU FROZ=¢

MISSED=0

IF{MNFR.£Q.0V)GO TO 960
IF(MNFR.EQ.L1)GO TO 962

NUOEQ=NUEQ +1

LFIKUK «EQ.1)GU TU 950
LF(MNFR.EQ.— 1) SAPE=PCP(IFREZ)

iF ( SAPE .LT. PCPT) KAPPA = 99

IF KAPPA=99 AWT MUST BE FOUND IN CORE3
AND THROAT MUST CUME OUT IN HEADING
CSTARCFy AND AE/AT MUST BE CHANGED
LUSE ONE PCP

J=1

DU 951 1=IFREZ,JADDI

IF ( 1 «EQ. IFREZ) PCP (J) = SAPE

IF { I «NEe IFREZ) PCP (J) = SPCP (I -1 )
iF (MNFR.EQ. =1) PCP (J) = SPCP (I)

J=d+l

PCPLJ)=0.C

DO 952 Jd=1s454
ANSLAB(J)=ANS(J)
00 1004 J=1s454
ANS{J )= ANSLAB{J)
[ALD=1

ITROT=3

ALPHA=G.0

DU 7 J=1,N
EN{J)=ANS (4% J+34)
IF (EN(J)) 6456415
IF (J-M) 5,547
ENLN(J )=ALOGIEN(INI
ALPHA=ALP HA+EN(J)
GU TO 7

EN LN(J)=0.0
EN{J)=0.0

CUNTINUE

WTMUL F=ALPHAXWTMOL
PC=ANS (2}
TLN=ALOG(ANS(3))
HC=ANS(4)/1.98726
$0= (ANS(S)*WTMUOLF/1.98726) +ALPHA®*ALOG(PC/ALPHA)

DLMPT=0.0

DLMTP=C.0

IF (MNFR JGE. 0) GO TO 1
PC = PCC

HC = c

P=ANS(2)

POP=P

SO= (ANS(S5)¥WTMOLF/1.98726)+ALPHA*ALOG(P /ALPHA}
CUNTINUE

BEGIN CALCULATIONS FOR CURRENT POINT
CHECK TEMPERATURE RANGE OF THERMUDYNAMIC DATA



[sX X2}

(2N sX 2}

(2N oX ¢!

DO 1117 J=1,454
1117 ANSLAB{J)I=ANS{J)
17 T=EXPI{T LN)
19 IF (COEFT(7,1)-T) 21427527
21 IF (COEFT(7,1)-5000.0) 23,222,451
22 IF (IADD~2) 51,31.,31
23 D0 1123 K = 1415
D0 1123 J = 1,90
1123 COEFTUKyd) = CUEFTLIKJ)
CALL SLITE (4)
GU TO 19
25 DU 1125 K = 1,15
00 1125 J = 1,90
1125 COEFT{Ked )=CUEFT2{KsdJ)
CALL SLITE (4)
G0 TO 19 .
27 IF (T-COEFT(691)) 29,35,35
29 IF 1300.0-COLEFT{641)) 25,22,451
31 CALL SLITET{4+,KOOOFX)
GU TU(384+305),K000F X

LEAVE FRUZEN PROGRAM IF DATA FOR ANY SPECIES RUNS QUT

35 IF (1ADD-2) 51,37,37
37 CALL SLITET(4,K000FX)

bU TU(38,441)+KGOOFX
38 CALL SLITE (43

DO 40 J=1,N

IF (COEFT(8,4)) 40,39,40
39 1F (EN(J)) 40,40,309
40 CUNTINUE

GU TU 49
41 DO 44 J=1,.N

IF (EN(JD) 44044442
4z IF (COEFT(5,4)+20.0-T) 285,43,43
43 IF (T-COEFT(4,J)420.0) 295,44,44
285 UIF (5000.0~CUEFT{(54J) ) 4%,44,311
295 IF {COEFT(49J)1-300.,0) 44,44,311
44 CUNTINUE

BEGIN ITERATION

49 PCPLN=ALOG{PCPLIADD))
IF(MNFR.GE.D)IGL TO 51
P=PC/PCP( IADD)

PLP LN=ALOG(POP/P)

51 CPSUM=0.0

T=EXP (T LN)
OU 60 J=L,N
IF (EN(J)) 60,60,57
57 CPSUM=CPSUM+{( {(COEFT(12,J)*T+COEFT {1l ,J) ) *T+COEFT (10,J)) *T+COEFT(
19+ ) )% THCOEFTIB,J4) I¥EN(J)
58 HO(J)=L{( (COEFT(12,J)/5.0)%T+COEFT (11 4J174.0) *«T+COEFT(10,J)/3.0)%T
L+CUEFT(95 )/ 2.00%T +COEFT(13,4) /T+COEFT(8,4J)
56 SCUI=t LL(COEFT{12,J0/4.0 V*T+COEFT (1L +J)1/3.0) *T+COEFTU104J1/2.0)%T
1L +COEFT{9,J) ) T+CUEFT{84J) #T LN+COEFT (142J)-EN LN(J)
606 CUNTINUE
SUM H=0.0
SUM $=G.0
D0 63 J=1,N
SUM H=SUM H+HO(JI*EN(J)
63 SUM S=SUM S+S(JI*EN(J)
IF (IADD-2) 81,65,65
65 CALL SLITET(4yKO00FX)
GU TO(66,81),KO00FX
66 CALL SLITE (4)
67 U LN T=(SUM S+{ALPHA*PGCP LN)}-50) /CPSUM

CHECK CONVERGENCE OF THE [ TERATION
T LN=T LN-D LN T

IF (ABSLD LN T)-0.5E-4) 73,73,51
73 CALL SLITET(44K0O0OFX) .
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88

GU TO(17,17),KUU0FX
81 D0 1181 J = 1,454,
1181 ANS(J) = ANSLAB(J)
SUM H=T*SUM H/WTMOLF
CPR=CP SUM /WTMOLF
GAMMA=CPR /{CPR~{1.0/WTMOL) )
IF(IMNFR.GE.0).AND.(IADD.EQ.1})GO TO 209
IFC{MNFR.GE+ G} AND. {IADD.EQ.2))GO TO 191
IFCLIADD.EQ.2) JAND . {KAPPAL.EQ.99))G0 TO 11191
G0 TO0 197
11491 CONTINUE
P=PL/PCP( IADD)
FUM=T /{24 0% { HC-SUMH)} }
FUML1=F UM¥* (WTMOL-ZN2)/ (WTMOL*ZIN2)
SAVL (1) = =(1l.0/(IN2 * CPR) + 1.0/ GAMMA + FUML)
FUML=FUM* {TC~-T)/{TC*T*1,98726) *1000.0
IN3=10C00.0/{CPR*TC*]1.98726)
SAVL{ 2)=IN3-FUMl
FUMLI=T/{2. 0% {HC—SUMH+ V4% % 2%5,57965E-06) )
FUM1=FUML/WTMOL
SAVi(3)=1.G/GAMMA-FUM]

CHECK FOR CONVERGENCE AT THROAT

[aX ol el

191 CONTINUE
4002 DHSTAR={HC~SUMH+V4%%2/1.79223E05) *CV#*2
2=GAMMA*T/ (2, 0%WTMOL )

IF (ABS(DHSTAR/(HC +V4%%2/1,79223€E+05-SUMH) )-0.4E-04) 197,197,192

192 IF LITROT) 193,197,193
193 PLPLZ)=PCP(2)/11.042. 0¥DHSTAR®WTMOL/ {T*(GAMMA+1.0)))

CALL SLITE (4)
ITRUT=ITROT-1

GO Tu 49
C
C CALCULATE PERFORMANCE PARAMETERS
c

197 CONTINUE
1977 SP IMP = SQRT{172.9178%{HC—SUMH)+V4*%2%9,6447E~4)
2%CV
P=PC/PCPLIADD)
AW=(86.4575% T)/(P*¥HTMOL*14.696006%SP IMP)
IF{(MNFReGE«U)+AND. {IADD.EQ.2) ) ANT=ANW
IFU(LADDC.EQ.2) «AND . (KAPPALEQ.99) ) SANT=AN
2202 CSTAR=32.174%PL*14.696006%ANT
<03 IFLIRAM.EQ.0)GD TO 22203
SPNET 1.0 OF ¥ SPIMP 86.4% 1.0-PFIELD/P *T/ SPIMP*WTMOL
IF¢ 1.0 CDA /32.2
CF=04 . 4« SPNET*AOAC*QLQO/ ( VO*UF)
60 TU 11203
22403 CUNTINUE
11203 CONTINUE
ARATIO =AW /ANT
VACI=SP IMP+P¥14.696006%AN
IFUIRAMLEQ.1)}VACI=86+.4%{1.0+0F ) *PF1 ELD*T/
2{ P*ATMOL* SPIMP ) +SPNET
IFUIRAMLEQ.OICF=32,174%VACI/CSTAR
VMACH=SP IMP/SUQRT{86.4579*%GAMMA*T/ WIMOL)
207 ANS(2) =P
ANS(3)=T
209 HSUM=SUM H*1.98726
LP=CPR¥1.98726
ANS(1)=PCPLIADD)
ANSI{ L5)=CSTAR
1F IRAM Q. 1 SPIMP = SPNET
WRITE {3) (ANS({I),I=1,454)
NO FROZ=NU FROZt1
IF (MISSED) 451,223,451
223 IADD=1ADU+1
IFUIMNFR.LT.0) AND . (KAPPA.EQ.0))GO TO 1225
IFCIADD-2)1225422441225
224 PCPL2) ={(GAMMA+1.0)/2.0) ** (GAMMA/{GAMMA-1.0))
TLN=TLN+ALUG (2. 0/ (GAMMA+1.0))
1225 IF (LADD-25) 225,225,451

-vo*0



225 IF (PCP(IADD)) 451,451,227
227 CALL SLITE (4)
GO TO 49

ERROR PRINT OUT

[z X a¥ o]

305 WRITE (6,306)T,1ADD

306 FURMAT (17HLTHE TEMPERATURE=EL2.4,26H Ky IS OUT OF RANGE,POINT I5)
IF (60C0.0-T) 449,307,307

307 IF (T-200.0) 449,308,308

308 G0 TO 41

449 MISSED=1
ITROUT=0

CALL SLITET(4,KQ00FX)
GO TO(51¢51),K000FX
451 WRITE (3)(G6(1,1), I=1,8044)
IF(KAPPA.EQ.99)ANWT=SAWT
CALL CORES
RETURN
309 WRITE (64310){COEFT(I4),1=1,3) sCOEFT(644),COEFTIT,Jd)
310 FURMAT (13H6THE SPECIES 3A6,29H HAS NO DATA IN THE INTERVAL 2F9.1)
DO 1311 K = i,15
00 1311 J = 1,90
1311 COEFTUKsJd) = COEFTL(K,J)
GU TO 449
311 WRITE (65312 MCOEFTUL 4J)91=1,3),1
312 FORMAT (13H6THE SPECIES 3A6,19H HAS NO DATA AT T= £9.1)
GU TO 449
END

$18FTC CORES

SUBRUUTINE CORES
C NEW CUMMUN

CUMMUN /KU S/KOK 9 JADDI ¢ MNFR, ECUNST 1 RAM, IZET ARy 1 RQU, ICON,
2IFREZ

CUMMUN/KN1/SUB1,SUB2,SUB3,YTNZTYP,
2ITYP(5)yCUNL20),EEXP{20) »AK{20)

CUMMUN /KN2/JEAM,ITIMEZ JDARDX CONVERJAPE» SAPE,
2SAPELy SAPE2y INUME 4PPT

CUMMUN /KN3/ZONT I UN¢SPCP{25) s KAPPA , AWT s OLDAWT 4 PCP T
CUMMUN /RM1/COSTHsCD yCOAsTF JHEATC 4P2 5 T2 sAMOL2 s V24 GAM2,
ZPFLELD VO 2AOAC »Q1Q0,P3P2

CUMMON/RM2/PP3P2,CVyV4 s JRAM

C
[ END OF NEW CUMMUN
CUMMUN /AP ELO/MNL s MN2yMN3
[
C OUTPUT ROUTINE
C
C
DIMENS ION TITLE(3,105),PAR(13,16),DER(13,13),
1 A(15246) ,ELMT(15)
25 ANS( 454}
DIMENS ION BOX{(15),80F(15),80(15)
DIMENSION AMUOL(13,90)
UIMENS ION ASOL(13)
CUMMUN C
CUMMON QO00CML7700)
[ CUMMUN C
EQUIVALENCE (ANS{1)s Cl421)), (ANS(454), c(874})}
EQUIVALENCE (PERCF, Cl1557)), (EQUILV, c(1558))
EQUIVALENCE (OUF C{1556))
EQUIVALENCE (KODE, C(1559)), {KASE c(1560))
EQUIVALENCE (KONT, Cil%61)), (NF, C(1562})})
EQUIVALENCE {NO, Cl1563)), (NE, Cl15641}))

EQUIVALENCE (NOEQ, C(1565))



90

EQUIVALENCE (NOFROZ,
EQUIVALENCE (KD, C{1763)), LII,
EQUIVALENCE (MM, C(1765))

C{1566)}

Cl{1764))

EQUIVALENCE (LEN, C(1766)), (MAY, C(1767))
EQUIVALENCE (NANA, C(1768)), (ME, C(1769}]}
EQUIVALENCE (LOOP, C{17700), (KTAPE, C(8045))

EQUIVALENCE (BOX(L1l), CL17710)y (BOX(15), c(1785))
EQUIVALENCE (BOF(1), C(1786)), (BOF{(15), C{1800))
EQUIVALENCE (801(1), C(2261)), (BO(15), C(2275))
EQUIVALENCE (IPROB, Ci2316)) s (IFIXT, c(2310))
cQUIVALENCE (N, C(2329) ), (IQ, C{2330))

EQUIVALENCE (IN, C(8046))

EWQUIVALENCE (KK, C(8048)), (KKK, C(8049})

EQUIVALENCE (TITLE(L1),
EQUIVALENCE (ELMT(1), C(1807}),
EQUIVALENCE (PARI(1), (CU(8370)),
EQUIVALENCE(A(L), C(8B578)), (Al
EQUIVALENCE (AMOL(1)., C(9268)),

EQUIVALENCE (DER(1), C(10438)),
EQUIVALENCE (PC,C(2314)), (HC,C
DATA QCU0OCT/0256731636060/
EXIT=Q000CT
NAREA=Q

2 FURMAT (9HOCASE NO.IS5,F8.1,F8.3)

3 FORMAT (1HOs64X,46HWT FRACTION ENTHALPY

C(8055)),

(ELMT(15), C(1821))

{PAR(208), C(8577))

690), C{9267)}
{AMOL(1170),

{DER(169), C(10606))
(2284))

STATE TEMP

(TITLE(315), C(836%3))

C{10437))

DENS ITY/

125X9 LOHCHEMICAL FURMULA 924Xy 10H{SEE NOTE) y4X,7HCAL/ MOL 410X

25HDEG Ks4Xs4HG/CC)

4 FURMAT {1HU,84X,46HWT FRACTION ENTHALPY STATE TEMP DENS ITY/
1 25Xy L6HCHEMICAL FORMULA 344X 310H(SEE NUTE) »4Xs THCAL/ MOL,

2 B8XeDHUEG Ky4Xy4Ho/CC)

5 FORMAT(LH+463XyF945,F124344X1AlsFLO0.2,4F11.6)

6 FORMAT (LH+383XsF945,F12e394XsA14F10e2,F1146)

7 FURMAT (1HU,30Xy4HO0/F=F9.5,15H, PERCENT FUEL=F8.4,20H, EQUIVALENCE

1 RATIO=F7.4,510H, DENSITY=FT7.4)
DU 6V I=1,13
60 ASULLI=EXIT
IF{IPRUB-2)550,550,551
550 NANA=2
GU TO 552
551 NANA=1
552 REWIND 3
KANE = NANA
MEL = 1
IF(MNFR.EQ.OIKANE=]1
IFIMNFR.EQ. LIMEL=2
VO 200 ME=MEL,KANE

THIS SHOULD TAKE CARE OF HEADINGS
IF((ME «EQ e 2) cAND {MNFR.LT.G) )} I PROB=2

KTAPE=0Q
300 READ (3)LANS(I1),I=1,454%)
KTAPE=KTAPE+1
HAL=ANS(2)*14.696006
HALL=ANS{19)
IF(ME-1)2C2,201,202
201 LEN=NOEQ
U TO 203
202 LEN=NOFROZ
203 IF(LEN-13)102,102,103
102 KUDE=0
Gu T0 106
103 KONT=0
KULE=13
106 J=34
DD 104 I=1,N
DO 1065 11=1,3
KK=Jd+11
105 TITLEL 11, 1)=ANSIKK]
104 J=J+4
MAY=1

1000 WRITE (6,18}

18 FORMAT (1H1}
CALL HEAD
ASSIGN 2000 TO LENN

2002 ASSIGN 90 TO JEAN



[

92

90
94

93

97
351

400
401
100
350
353

410
411

10l
352

2000
5C
51
52
53
56

6ul

6v2

6U0

WRITE (65 2)KASEHAL,OUF

GU TO JEAN,(90,91)

IF(KD) 93,94, 93

WRITE (64 3)

GJ To 97

WRITE (64 4)

IFINF) 251 43504351

00 100 I=1,NF

Ii=1

MM=15

CALL SPEC

IFI{KD) 401 4,400,401

WREITE (695)A(1534),A01432) A0 442) 4A(1 944} ,A(1,36)
GU TO 100

WRITE (6:6)A11,334),A01332) A1 942) ALl y44),A(1,306)
CUNTINUE

IF{NU) 353,352,353

DU 1uUl I=1,NO

11=]

MM=0

CALL SPEC

IF(KD)411,4104411

WRITE (6s53AC1433),A01 4310 801 ,410,A(1,43)AL11,35)
GU TO 101

WRITE (696)ALL433),A01531)4A(L 441) 4A(I1,43)4A01,35)
CUNTINUE

CUNTINUE

WRITE (6, 7)UOFPERCFEQUIV,HALL

GU TU LENN,{2000,2001)

IF(KUDE}S51,50451

IN=LEN

GU TO 56

IF{KONT) 53,52,53

IN=KUDE

KUNT=1

GU Tu %6

IN=LEN -13

KJdDEe=0

CALL READ

IF{IPRUB-2) 600,600,601

WRITE (65602)

FURMAT (37HOEQUILIBRIUM THERMUDYNAMIC PROPERTIES)
CALL PERP AR

GU TO <06

WRITE (6,8)

FURMAT ( 11HOPARAMETERS)

MAYS = MAY

IF (MAY .EQ. 2) GO TOQ 7001

IF ({ KOK +EQs 0) ANDe. (ME .EQ. 1))} GO TO 7200
IF ({ KOK +EQe 1) <AND. (ME .EQ. 1)) GO TQ 7002
IFIMNFR «NE.1) GU TO 7010

Ir( KUK.EQ.0 ) GO TO 7000

6U Tu 7002

ME = ¢ AND 1 HAVE 6 EXITS

7010

7000

7G01
7002

7003
9041

63

61

64

MAY = 2
IF ((KUK.EQ.0) AND. (KAPPA .EQ. 99)) GO TO 7003

6d TQ 7001

LFIKAPPALEQ.99)G0 TO 7002
ASSIGN 63 TO MN3

6L TO SOll

ASSIGN 64 TO MN3

Gu Tu s011l

ASSIGN 9000 TO MN3

GU TO S011

ASSIGN 9002 TO MN3
CUNTINUE

GU TU MN3,(63964,9000,9002)
KK =IN—-2

WRITE (65613 {ASULLILI),I=1, KK)

FURMAT (1HU, 16Xy THCHAMBER y4Xs THTHROAT ,10(3X3A6)+3XsA4%)
MNl=1

MNZ=1

GU TO &5

WRITE (6,66)(ASOLIL) yI=1yIN)

91



92

66

9000

9001

9Cu2

uu3

65

205
99

503
502
504
266

10
207

16

8¢

81

82

i1l

12

i3

14

86

15
85

91
119

3000
96

95
00
102

4001
70
4000

FURMAT (iHO0,15X,13(3XyA0})
MNL=2

MNZ2=2

Gu TO &5

KK=IN—-2

WRITEL 6290010 (ASOL(L)sI=1,KK)
FURMAT{1HO 16X, THCHAMBER s 4 X THEXIT v10(3X,A61 43X,A4)
MN1l=1l

MN2=1

GO TO &5

KK=IN~2

WRATE{ 659003 )0 (ASOLLII) 1=1,KK)
FURMAT{1HO 416X, THEXIT 24Xy THTHROAT ,101(3X,A6),3X,A4%)
MNi=2

MNc=2

CONTINUE

CALL PERPAR

MAY = MAY S

IF{ME.NE.1)GO TO 206

WRITE (6,99)

FURMAT (1H )

WRITE (6,9)

FORMAT (12HODER IVATIVES)

U TO (502,503} ,MN1

CALL PERDER

GU TU 504

CALL PERDEY

CUNTINUE

WRITE (6,99)

WRITE (6410}

FURMAT (15HOMULE FRACTIUNS//)
CALL CumpP

ASSIGN 3000 TO LENNN

WRITE (6,416}

FURMAT (1HUs30X,16HINPUT, G~ATOMS/G//)
IFINE-8)80,80,481

KK=1

KKK=NE

LOUP=1
GU TO 82

KK=1

KKK=8

LouP=2

D0 85 J=1,L00P

WRLTE (6, L1)CELMT L), 1=KK,KKK)
FURMAT (11X, 8{6X,A2,7X))

WRITE (6,12)(BOF (I),1=KK,KKK)
FORMAT (5H FUEL 6X,8E15.7)
WRITE (6,13)(BOX (1),1=KKyKKK)
FURMAT (8H OXIDANT,3X,8E15.7)
WKLITE (6,143(BG {I),E=KK,KKK)
FURMAT (11H PROPELLANT,8E1547)
IF (LOOP-1) €6,85,86

KK=9

KKK=NE

WRITE (8, 15)

FURMAT(1HQ)

CUNT INUE

ASSIGN 91 TO JEAN

GO To 92

WRITE (6,119)

FUKMAT (6HONUTE.,2XK,TIHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND
10F UXIDANT IN TOTAL OXIDANTS)
6D TU LENNN, (3000,3001)
IFLKUDE) 96,95, 96

MAY=MAY+]

Gu TU 1000
1FLIPRUB-2)700,700,701
LFUNAREA) 702,701,702

IN=NAR LA

CUNTINUE

LF(KDP )4001, 701,4001
IF(ME-1)70,71,70

WRITE (6,4000)

FURMAT(1HL, 25X, TSHTHEORE TICAL ROCKET PERFORMANCE ASSJMING FROZEN
1CUMPUS ITION DURING EXPANSION/




245X 24HFOR ASSIGNED AREA RATIOS)

71
5000

GO TO 5050

WRITE (645000)

FURMAT (1HL1925Xy SUHTHEORETI CAL ROCKET PERFORMANCE ASSJUMING EQUILIB
1RIUM COMPOSEITION DURING EXPANSION/

245Xy 24HFOR ASSIGNED AREA RATIOS)

5050

2001

3001
701
208
200

CONTINUE

ASSIGN 2001 TO LENN
60 TU 2002 -
CUNTENUE

ASSIGN 3001 TO LENNN
GO TO 207

CUNTINUE
IF(NANA-1)208,200,208
NANA=Q

CONTINUE

RETURN

END

$IBFTC PERPAR

C
(%
<

ot oo

10
1i
12
13
14
15
16
17
18
19
20
21
22
23
24
25

101
100

SUBRODUTINE PERPAR
NEW CUMMON
NeW COMMON

CUMMUN /KDS/KOK s JADDI 4 MNFR» ICONSTyIRAMy IZEI AR, I ROUs ICON,
2IFREZ

CUMMON/KNL1/SUB1,SUB2sSUB3, YT,NZTYP,

2LTYPL5),CUN(20) yEEXP(20) yAK(20)

LUMMON /KN2/JEAMy I TEIME2 yDARDUX ¢CONVER yAPE » SAPE,
2SAPELs SAPEZ2, INUME ,PPT
COMMON/KN3/KONT 3 IUNsSPCP (25) yKAPPA s AWT ;OLDANT 4 PCP T
CUMMUN/RML/COSTHsCD s COA 9 TF JHEATC ,P2 4 T2 4AMOL2 V2 4 GAM2,
2PFIELD4VO,A0AC «Q1Q0,P3P2

CUMMUN/RM2/PP3P24,CVsV4¢JRAM

END OF NEW COMMON
CUMMUN /AP ELO/MN1 s MN2+MN3

OUTPUTS PERFURMANCE PARAMETERS

DIMENSION PAR({13,16)sNNL13)

CUMMON C

CUMMUN QO00CMLT7700)

COMMON C

EQUIVALENCE (KODE, C£{1768))
EQUIVALENCE (IN, C(8046)), {MAY, C{1767}))
EQUIVALENCE (PAR(1), CI{B370)), (PAR(208B), C{8577))
EJUIVALENCE (ME, C(1769)}

FURMAT (5H PC/P,10X)

FURMAT (8H Py ATM ,7X)

FURMAT (9H T, DEG K,6X,1319)
FURMAT (9H He CAL/G,6X,13F9.1)
FURMAT (15H Sy CAL/(G){K) 13F9.4)
FORMAT (10HUM, MOL WT,5X,13F9.3)
FURMAT {11H (DLM/ULP)IT,4X9s13F9.5)
FORMAT (11H (DLM/DLT)P 44X913F9.4)
FURMAT (15H CP, CAL/IGI(KIL3FI.4)
FORMAT (6H GAMMA,9Xy13F9.4)

FURMAT (12H MALH NUMBER,3X,13F9.3)
FORMATL13HOC STARs M/SEC,2X¢1319)
FORMAT (3H CFy12X¢13F9.3)

FORMAT (6H AE/AT,9X513F9.3)
FORMAT(1UH IVAC, SEC+5Xs13F9.1)
FORMAT(7H I, SEC,8Xs13F9.1)
IF{KAPPA.EQ.0)GO TO 100

DU 101 I=1,.IN

PAR(Iv 15)=PAR(Iy15)%ANT/0LDANT

IF{ IRAMEQ.O)
2PAR I916 32.174%PAR I414 /PAR 1,15
PAR( I+ 1L)=PAR(1,11)*OLDAWT/ANT
CUNTINUVE

CUNTINUE

IF(KUDE-1)241,52

93



94

1 WRITE (651111}
111 FORMAT (BHOP, ATM ,7X)

Gy TO 3
2 WRITE 16, 10)
CALL VAR(1,2)
WRITE (6511)
CALL VAR{Z,2)
DO 60 I=1i,1IN
60 NNIL1)=PAR{I;3)+.5
WRITE (69 120INN(I}.1i=1,INI
WRITE (651332 (PAR(I+4),1=14IN)
WRITE (65 14)(PAR(I1+5),1=14IN)
WRITE 169 150{PARII 6} ,1=141IN)
IF {(ME .EQ. 2) GO TO 5
6 WRITE (6916)(PAR(1+8),1I=1,IN)
WRITE (6517)(PAR(I,9),i=1,1IN)
5 WRITE (65 18) (PAR{IL»T),1=1,IN)
WRITE (69 19) (PARLI 410),I=1,IN)
LF{KUDE-1141+4C,41
40 KETURN
41 WRITE (6520) (PAR(L+12),I=14IN)
00 61 I=1,IN
61 NN{I)=PAR(K,15)%.3048+.5
MNZ=MN2
GU TO (50451),MN2
50 WRITE (63 3L INN(I)1=2,IN)
WRITE (65 32)(PARII116)41=2,1IN)
WRITE (6,y33)
CALL VAR(11,2)
WRITE (6+434){PAR(I414),I=2,IN)
WRITE (69 35)(PARII413)41=2,IN)
31 FORMAT(13HOCSTARy M/SEC 42X99Xs1219)
32 FORMAT {3H CF,21Xs12F9.3)
33 FURMAT (oH AE/AT,18X,12F9.3)
34 FURMAT(10H IVAC,s SEC+5Xy9Xyi2F9.1)
35 FURMAT(7H Iy SEC+8Xs9X,12F9.1)
RETURN N
51 WRAITE (6421) INNLI),I=1,IN}
WRITE (6922) (PAR(I+16)4I=1,1IN}
WRITE (6423)
CALL VARL11+2)
WRITE (6424) {PAR{I+14),i=1,IN)
WRITE (6,25)(PAR(I+13)41=1,1IN)
RETURN
END

w

$1BFTC PERDER

SUBRUUTINE PERDER

COMMUN /AP ELZ/7HCC 4PLL 4 SO0 sZN24yZN3,SAV(3 ) 4SAVLI3)
CUMMON /KN 3/ANYL27) ;KAPPA 4ANY1 {3}
CUMMUN/APEL3/SPLI13)

OUTPUTS PERFORMANCE DERIVATIVES

conn

DIMENSION PER(13,13})
COUMMUN  C
COMMON QGOOCMI7700)
[ COMMUN C
EQUIVALENCE (IN, C(8046))
EQUIVALENCE (PER{1)y C(10438)), (PER(169), C(106061})
iFIKAPPA.NE.99)G0O TOU 100
00 110 I=1sIN
PER(I¢3)=PER(I,4)-SAV]l
PERCIy8)=PER{I,9)~S5AV1(2)
PER(1, 13)=SPL(I)-SAV1(3)
110 CONTINUE
WG CONTINUE
1 FORMAT (15HO(DLI/OLPCIPC/PL3F9.5)
2 FORMAT (15H (DLT/OLPC)PC/PL3F9.5)
3 FORMAT (16H (DLAR/DLPC)IPC/PFB.5412F9.5)



FUKMAT (16H (DLCS/ULPCIPC/PFB.5,412F9.5)
FURMAT (15HO(DLI/DHC)IPC/P*13F9.5)
FURMAT (15H (DLT/DnC)PC/P*13F9.5)
FURMAT (16H (DLAR/DHC )PC/P*FB45412F9.5)
FORMAT (16H (DLCS/DHCIPC/P¥FBa5912F9.5)
FORMAT (16H *{HC IN KCAL/G)}
FURMAT (13HO(DLI/ULPCP)IS$2Xy13F9.5)
11 FORMAT (13H (DLT/DLPCPESs2Xy13F9.5)
12 FORMAT (15H (DLAR/DLPCP)S 13F9.5)
WRATE (64 LVIPER{L+2)41=14IN)
WRITE (69 2M(PER(I41)9I=1yIN)
WRITE (0¢3)(PER(L+3)41=14IN)
WRITE (6943(PER(L+5)s1=1+IN)
WRITE (69 5M{PER(I+7),I=1,IN)
WRITE (6, 6)IPER{I+6)+I=1,IN)
WRITE (69 7TVIPER(I8B)yI=1oIN)
WRITE (69 8MPERIT,LU)»I=1,IN)
WRITE (6,9)
WRITE (69 0)(PER{Is12)4I=14iN)
WRITE (65 1L)(PER{I+1L)si=1,IN)
WRITE (6912){PER({I+13)+1=14IN)
RETURN
END

[
COvG~NwOUvVSd

$IBFTC PERDEY

SUBRUUTINE PERDEY

CUOMMUN /AP EL2/HCC 4PCC s SO0 sZN25sZN39SAV(3) 4SAVLI(3])
CUMMUN /KN 3/ZANY(27) yKAPPA JANYL(3)
COMMUN /AP EL3/SPL(13)

C
C UVUTPUTS PERFURMANCE DERIVATIVES
C
C
DIMENSION PER{13,13)
CUMMUN C
COMMON QUOOCM(7700)
C CUMMON C

EQUIVALENCE (IN, C(8040))

cQUIVALENCE (PER{1l)e C110438)), (PER(L69), CL10600))

[F{KAPPA.NE«99)60 TO 100

V0 110 I=1,IN

PERII . 3)=PER{I4)-SAV1

PER{I+8)=PER{1,9)-5AVi{2)

PER(I,13)=SPLII)-SAVL(3)
110 CUNTINUE
100 CUNTINUE
FURMAT (15H0(DLL/DLPC }PC/P+9X412F9.5)
FORMAT (15H (DLT/DLPCIPC/PL3F9.5)
FURMAT (16H (OLAR/JOLPCIPC/P,BX412F9.5)
FOURMAT {(16H (DLCS/DLPCIPL/P+8Xe412F9.5)
FORMAT (15HO{OLI/ZDHC)IPC/P¥49X4312F9.5)
FORMAT (15H (DLT/DHC)IPC/P*13F9.5)
FORMAT (16H {DLAR/OHC)PC/P*,8X,12F9.5}
FORMAT (16H (OLCS/DHCIPC/P*48Xy12F%.5)
FURMAT (16H *#{HC IN KCAL/G))
10 FURMAT (13HO(DLI/DLPCP)S,11X,12F9.5)
11 FORMAT (13H (OLT/DLPCP)IS+2Xs13F9.5)
14 FORMAT (15H (DLAR/DLPCPIS 9X412F9.5)

WRITE (69 LIPERUL,2)4+1=241IN)

WRITE (69 2)(PERIL1)sI=1,1IN)

WRITE (64 3)(PER(I¢3)¢1=24IN)

WRITE (63 4)IPER(I5)I=24IN}

WRITE (69 SIIPERILIT7)21=2,41IN)

WRITE (656)IPER(I46)¢I=1yIN)

WRITE (69 TMPER(148)41=2,IN)

WRITE (648MPER(TI10)91=2,4IN)}

WRITE (6,9)

WRLITE (65 10)(PER(I12),1=24IN)

WRITE {6011)(PER{Is110,50=14IN)

WRITE (69 12)(PER{L413)41=2,1N)

RETURN

END

Ve~ VS WN -



$IBFTC VAR
SUBROUTINE VAR{INDEX,K1)

c .

¢ SPECIAL FORMAT FOR PC/P4Ps AND AE/AT

C

c
DIMENS ION FMT{3),PAR(13,16) sTEM(4) sAM(4),TEMM(13)
COMMUN C
COMMUN QUOOCME7700)

c COMMON C

EQUIVALENCE (IN, C(B046))s (MAY, C(1767})
EQUIVALENCE (PAR{1}, C(8370)), (PARL208), CI8577))
DATA QGOUCT/0113300346060/
ZERDO=QGCO0CT
DATA QO0ICT/0113301346060/
ONE=QOO0LICT
DATA QC02CT/0113302346060/
Twd=Q002CT
DATA QGO3CT/0113303346060/
THR=Q0O03CT
OATA QGO4CT/ULL3304346060/
FR=QUO4CT
DATA QC05CT/0600104677326/
TEMML 1)=Q005CT
DATA QGO6CT/0600203677326/
TEMM( 2)=Q006CT
DATA QUO7CT/0600302677326/
TEMM(3)=Q007CT
DATA QU08CT/0600401677326/
TEMM{ 4)=Q008CT
DATA QUG9CT/0600500677326/
TEMM(5)=Q009CT
DATA QOCLUCT/0600511677326/
TEMM{ 6)=Q010CT
DATA QCliCT/G600610677326/7
TEMM{ 7)=4011CT
DATA QC12CT/0600707677326/
TEMM{8)=Q012CT
DATA Q013CT/0601006677326/
TEMM( 9)=Q013CT
DATA QGl4CT/0601105677326/
TEMME1C)=Q014CT
DATA QQG15CT/010004677326/
TEMM{ 11)=Q015CT
DATA QO016CT/010103677326/
TEMM{ 12)=Q016CT
DATA Q017CT/010202677326/
TEMM{ 13)=Q017CT
DATA QCl18CT/0740130207360/
FMT(1)=Q018CT
IF(K1-2)101,10G,101
W0 IF(INDEX~-K1)1s2,3
101 IF(INDEX-K1)341,2

1 TEMU1)=1.0E04

TEM(2)=1.0E05

TEM(3)=1.0E06
AM{L)=THR
AM(2)=Tw0
AM(3) =UNE
AM{ 4) =ZERD
GO TO 4

2 TEM(1)=1.0
TEM(2)=10.0
TEM(3)=100.0
AM( 1) =FR
AM(2) =THR
AM{3)=TWa
AM{ 4) =UNE
60 TU 4

3 TEM{1)=10.0
TEM(2)=100.0
TEM(3)=1000.0
AM(1)=THR
AM( 2) =TWC
AM{ 3) =ONE



AML 4) =ZERO
4 DU 5 I=1,IN
IF (1-1) 53450,53
50 IF (MAY-1) 53,52,53
52 IFCINDEX-11) 5345453
53 CUNTINUE
FMT(2)=TEMMI{I)
00 6 Jd=1,3
LF(PAR (1, INUDEX)-TEM{J)}10+646
L0 FMTU3)=AM(J)
Ll WRITE (6,FMT)IPARLI ¢INDEX)
Gu Tu 5
6 LUNTINUE
FMT(3)=AM(4)
WRITE (6,FMTIPAR(I+INDEX)
5 CUNTINUE
RETURN
END

$1BFTC HEAD

SUBROUTINE HEAD
CUMMOUN /KD S/KDK » JADD L yMNFRy ICUNST,IRAM, IZETARs [ROU, ICON,
2IFREZ
1 FURMAT {1H1,10X,
254HROCKET ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION)
2 FURMAT(1H1,10X,
249HRUCKET ENGINE PERFORMANCE FROZEN NUZZLE EXPANSION)
3 FURMAT(1H1,10X,
272HRUCKET ENGINE PERFURMANCE NOZZLE EXPANSION WITH SPECIFIED FREEZ
3ING PUINT)
4 FURMAT(LH1,10X,
29VHRUCKET ENGINE PERFORMANCE NOZZLE KINETIC EXPANSION)
5 FURMAT{(1H1,10X,
2T6HSUP ERSONIC COMBUSTION RAMJET ENGINE PERFORMANCE EQUILIBRIUM NOZ
3ZLE EXPANSIUN)
6 FORMAT(1H1,10X,
271ASUP ERSONIC COMBUSTIUN RAMJET ENGINE PERFURMANCE FROZEN NOZZLE E
3XPANS ION)
7 FURMAT(1H1,10X,
294HSUP ERSUNIC CUMBUSTION RAMJET ENGINE PERFORMANCE NOZZLE EXPANSIO
3N WITH SPECIFIED FREEZING PUINT)
8 FURMAT{1H1,10X,
272HSUP ERSUNIL COMBUSTION RAMJET ENGINE PERFORMANCE NOZZLE KINETIC
3EXPANSION )
9 FURMAT{1H1,10X,
2T4HSUBSUNIC CUMBUSTION RAMJET ENGINE PERFORMANCE EQUILIBRIUM NOZZC
3t EXPANSIUN)
10 FORMAT(1H1,10X,
269HSUBSUNIC CUMBUSTIUN RAMJET ENGINE PERFORMANCE FROZEN NOZZLE EXP
3ANS JUN )
11 FORMAT(1H1,10X,
292ASUBSUNIC CUMBUSTION RAMJET ENGINE PERFORMANCE NOZZLE EXPANSION
3wliH SPECIFIED FREEZING PUINT)
12 FURMAT(1H1+10X,
270HSUBSONIC CUMBUSTIUN RAMJET ENGINE PERFORMANCE NOZZLE KINETIC EX
IPANSIUNY
IFI(KOKEQ.0O) .AND.(IRAM.EQ.0})}GO TO 100
IFLIKOKetWe0) ANV (IRAM.EQ.1))GO TO 200
IF((KOK.EQal)ANDS (IRAM.EQ.1})G0O TG 300
GO0 TO 400
100 CUNTINUE
IF{MNFR.EQ.O)
2WRITE(6,41)
IF(MNFR.EQ.1)
2WRITE( 6,21
IF(MNFR.EQe~1)
ZARITE( 643)
IFIMNFR.EQ.-2)
Z2WRITEL 644)
GU TO 400
300 CUNTINUE
IF(MNFR.EQ.O)
ZHRITE{ 645)
IF{MNFR.EQ.1}
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206

400

2WARITEL(646)
IFIMNFR.EQe-1)

2WRITE( 647}
IF(MNFR.EQ.-2)
2WRITE(648)

GU TU 4U0
CONTINUE
IF(MNFR.EW.0)
ZWRITE(€+9)
IF(MNFR.EQ.1)
2WR ITE( 6910)
IF(MNFR.EQ.—1)
2HRITEL(€,11)
IF(MNFR.EQ.- 2}
CWRITEL 641 2)
CUNTINUE
RETURN

END

$IBFTC READ

[N aN el ol

SUBRUUTINE READ
CUMMUN /AP EL3/SPL(13)

SURTS wHAT IS ON TAPE 3

DIMENSION PAR(13,16)4DER(13,413), ANS (454)
OIMENS IUN AMOL(13,90)

CUMMUN C

COMMUN QOOOCM(7700)

COMMON C

EQUIVALENCE {ANS(l}y C1421))s (ANS(454), C(874))
EQUIVALENCE (LEN, C(1766)), (MAY, C(1767))

EQUIVALENCE (LOOP, C(1770))+ (KTAPE, C{8045))
EQUIVALENCE {IN, C(BO40))

EQUIVALENCE (NN, C(2329))

EQUIVALENCE (PAR{1), C{(8370}), (PAR(208), CI8577))
EWUIVALENCE {(AMUL(1), C{9268)), (AMOL(1170), C(10437))
EQUIVALENCE {DER(1)s C{10438)), (DER(169), C(10606))
DU L I=1L,IN

DO 2 Jd=1,16

2 PAR{L4J)=ANS(J])

N=1
DU 3 J=20,32
LDER{ I+ N)=ANS(J)

3 N=N+l

SPLI1)=ANS(33)
N=1

J=38

DU 4 JJ=1,NN
AMUL{ I ,N)=ANS(J)
J=J+4

4 N=N+1

100

-

IF(KTAPE-LEN)10041,100
READ {3) (ANS(K)sK=1,454)
KTAPE=KTAPE+1

CUNTINUE

RETURN

END
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Figure 1. - Comparison of equilibrium and frozen-exhaust-gas
expansion for hydrogen fluorine rocket engine. Combustion-
chamber pressure, 60 psia (41. 37x104 Nim ); nozzle-area
ratio, 100.
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Figure 2. - Graphical solution of sudden freezing analysis for
hydrogen-fueled ramjet with 15°-conical nozzle and
15. 24-centimeter throat radius. Nozzle area ratio at freezing
point, 6.0.
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Figure 3. - Comparison of calculated specific impulse using Bray approxi-
mate method with results from exact kinetic method for hydrogen-air
system. Simulated Mach 6 at 36 120 meters; combustion-chamber
static pressure, 36.54x10% N/m<; equivalence ratio, 1.0.
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Figure 4, - Comparison of calculated specific impulse using Bray approxi-
mate method with results from exact kinetic method for nitrogen
tetroxide - 50-percent hydrazine - 50-percent UDMH system. Combustion-
chamber pressure, 41. 310t Nlmz; oxidant-fuel ratio, 2.25.
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Figure 5. - Comparison of calculated specific impulse using Bray approximate
method with results from exact kinetic method for hydrogen-fluorine rocket
engine. Combustion-chamber pressure, 41, 37x10% N/m ; oxidant-fuel

ratio, 9.0.
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Figure 6. - Comparison of calculated specific impulse using
Bray approximate method with results from exact kinetic
method for hydrogen-fluorine rocket engine with con-
toured bell noszle. Combustion-chamber static pressure,
41,37x10% N/m 3 nozzle-area ratio, 100.
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